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ABSTRACT

De Pauw, Mary A. M.Sc., Department of Plant Science, University of Manitoba.

In Vitro Gernination of Qpripeditnn Species. Major Professor: Dr. W.R. Remphrey.

'[he in vitro germinatron of Qtpripedium candiùun Muhl. ex Willd., C. calceolus

L. var. parviflorui¿ (Salisb.) Fern. and C. reginae WaIt. was investigated. These species

are becoming rare, especially C. candidum, making an efficient method of propagation

desirable. There is also interest ir.r the nursery trade regarding their potentiai as

herbaceous perennials because of their beautiful flowers.

Little is known about the specific germination requirements of Qpripedium

species. To improve in vitro germination, three media and different times of seed

collection were compared. Seed pods were collected at regul intervals after pollination

and seed inoculated onto three media, Harvais, Van Waes and Debergh, and modified

Norstog. Germination was then assessed at 4-week intervals for 20 weeks. Except for

C. candidum in 1989, where germination peaked for seed collected 6 weeks after

pollination, seed coilected eight weeks after pollination gave the highest germination.

There were differences among media, but their effects on germination were not consistent

and depended on the year, date of collection and the species. Subsequent development

of protocorms was superior in all cases on modified Norstog rnedium. The effect of cold

treatment of seed on the germination of C. candidwn was investigated. The results were

highly variable and thus its importance in improving germination is questionable and

warrants further investigation.
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Using the information obtained in the first two yeffs, subsequent experiments

were performed using modified Norstog medium and seed collected eight weeks after

pollination to investigate the requirement for cytokinins and the cytokinin preference for

in vitro germinatiou and protocorm development of C. candidum. Two of the three

cytokirúns tested, BA and 2iP, increased germination at concentrâtions of up to 0.8 rng

LI compared to a control without cytokinins. Kinetin, on the other hand, had little effect

regardless of concentration. Nine protocorm morphological types were identified. The

rnorphological types observed with lçinetin were similar to those seen in the control,

whereas on BA and 2iP different morphological types were observed. Protocorms

developed faster on all three cytokinin treåtments compared to the control. Benzyl

adenine delayed root development at the highest concentrations. A model is proposed

to explain the effect of cytokinins on protocorm development,
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This thesis has been written in manuscript style. Chapter 1, entitled "In vitro

germination of three Qtpripedium species in relation to time of seed collection, rnedia

and cold treatmerìt", has been accepted for publication (April23 1993) in the Canadian

Journal of Botany. Chapter 2 entitled "The cytokinin preference for germination and

protocorm growth of Qpripedium candidum Muhl. ", will be submitted for publication

to the journal, Physiologia Plantarum.



INTRODUCTION

Qpripediunt species, commonly called lady's-slippers, are native wildflowers

belonging to the Orclidaceae family . They are renowned fo¡ their beautiful and showy

flowers, which nake them desirable for commerciai production. Unfortunately, attempts

to domesticate these plants have usually faited. They grow slowly and become dormant

easily, thus rnaking vegetative propagation impractical. Standard seed germination

techniques are also not practical because very specific conditions are required, including

a syrnbiotic relationship with endophytic fungi. A reliable and reproducible propagation

rnethod is required fo¡ commercial production. Tissue culture rnay provide a solution,

and in vitro seed germination of Qpripediurr species has great potential because it is a

nondestructive propagation method and seeds are produced in great abundance.

Another important reason for developing viable propagation methods is the

problem of declining populations. Qpripediun species, as the case with rnany native

wildflowers, are threatened because of habitat destruction caused by both human activities

and natural processes, This is especially true for C. candidum Muhl. which is listed as

endangered iu all of Canada, including the Province of Manitoba. Anothe¡ concern is

the rernoval of these plants from their native habitats for resale in nurseries and farmers'

markets, and for illegal trade outside of the country, especially in the case of C.

calceolus L. Reliable propagation methods wouid elirninate the need to remove these

plants from their native habitats and reestablishment in the wiid wouid help save those

species in danger of extinction.
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Research on the in vllro gennination of Qpripediunr species has been limited and

the results often contradictory. Much of the literature is also only observational in

riature. Germiriation is often poor and slow in these orchids and little is kno\rrn about

their specific germination requirements, especially for C. candidum. The objectives of

this research are to improve in vitro germinatton of Clpripedilrru species and to learn

rnore about their germination requirements.

In general, mature seed of Qpripedium species germinates very poorly, with

germination percentâges often as low as, or lower than, I%. Use of immature serd

taken from green pods improves germination, but the exact time of harvest to optimize

germination is not known. Seed dornancy has be¿n suggested as one cause of poor

gerrnination. Research results on the use of cold treatment to break dormancy are

contradictory. The kinds of media used to germinate native orchid seeds that has been

reported in the literature is vast and their componeuts vary dramatically. Using three

Qpripedium species, C. reginae, C. calceolus vat. pamiflorwn, and C. candidum, the

initial objectives of this research are (1) to find the best tirne to collect seed in order to

optirnize gelnination for each species, (2) to compare the effects of three media on the

germination of each species and (3) to study the effect of cold treåtment on germination.

Using this inforrnation, the final objective is to investigate the cytokinin requirement of

C. candidum for gerrrination and protocorm development.



LITERATIJRE R.EVIEW

Biologv and Ecology

The genus Clpripedium belongs to the Orchidaceae farnily, one of the largest

farnilies of the Angiospelns. There are approximately 30 species in this genus, 11 of

which occur in North America (Luer 1975). They are commonly called "lady's-slippers"

because of the slipper-like appearance of the flower. The showy, usually colorful flower

has one petal that is inflated to form a sac-like pouch called the lip or labellum. The

other two lateral petals are flat or twisted, and often differ in colo¡ from the labellum.

The dorsal sepal, similar in color to the lateral petals, extends above the pouch. The two

lateral sepals a¡e united behind the pouch, and this united structure is ¡eferred to as the

synsepal (Luer 1975). The stigma, style, anthers and filaments a¡e fused to form a single

structure called a column. There are 2 functional ståmens, one on each side of the

column. The anthe¡s produce masses of pollen, sonetimes called pollinia, which are

granular and viscid. A third sterile stamen, or staminode, forms a flat appendage at the

front of the column. Flowers are usually borne singly, although some species may have

as many as 12 flowers per stem (Luer 1975).

Qpripedium species are deciduous perennial terrestrial orchids with underground

rhizomes which often branch, resulting in the forrnation of clumps of plants. The degree

of branching of the rhizome depends upon the species. The leafy stern, with plicate

leaves, emerges from the rhizone each spring. Flower buds are initiated in late summer

of the year preceding anthesis (Curtis 1954).
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C\pripediunt reginae Walt,, commonly called the showy lady's-slipper, is one of

the largest and most beautiful of the native orchids. It can stand up to 90 cm tall, with

large leaves and a large flower with a pink labellum and white petals and sepals (Luer

1975). It cornrnonJy produces two flowers per stem and occasionally even three or four.

It usually grows in a rnixed deciduous coniferous forest where moisture is readily

available or in close proximity to a bog. In Manitoba, it flowers frorn late June througli

rnid-July.

Qpripedium caLceolus L. var. pawiflorurz (Saiisb. ) Fern. is commonly called the

snall yellow lady's-slipper (Luer 1975). This variety grows up to 35 cm tall and has a

slnall flower with a yellow pouch, often with reddish-brown to purple spots, and brown

to greenish sepals and petals, with varying degrees of twisting. It flowers from mid-May

to late June in Manitoba. It is generaliy a moist woodland species, but will grow in a

wide variety of habitats, inciuding open fields in full sunlight. Luer (1975) distinguishes

this plant from C. calceolus L. vat. pubescens (Willd.) Correll, or the large yellow

lady's-slipper, which, as the name implies, is larger in stature and has a larger flower.

However, there is a high degree of variability in plant form between these two varieties

and irfe¡mediates are common. This has led to some debate regarding their classification

and these two plants have aiso been classified as separate species (Atwood i985). In

Europe, only a single form exists, resembling the large yeliow lady's-slipper most

closely.

Qpripedium candidum Muhl., commonly called the small white lady's-slipper,

is a small dainty plant, It grows 20 lo 36 cm tall, typically in compact ciumps, and has
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a small solitffy flower per stem with a glossy white pouch, often with purple spots or

veins, and greerrish to brown slightly twisted petals and sepals. It flowers from mid-May

to mid-June in Manitoba. It is a characteristic species of tall-grass prairie and prefers

nroist calcareous sites (Brownell 1981,). Qpripedium candidum is considered to be one

of the rarest lady's-slipper species in North America and in danger of extinction.

Destruction of its native habitat by prinarily human encroachment (mainly agricultural)

as well as natural processes are considered to be the main causes of its decline (Brownell

1981). It is intolerant of shade and will often disappear when the prairie becomes

invaded by woody plants. Itis currently found in two Canadian provinces, Manitoba and

Ontario, and in 13 U.S. states (Bowles 1983). There are 8 known sites in Southern

Manitoba and two sites in Ontario (K. Johnson, pers. comm,). It is listed as endangered

on the Endangered Species Acts of both Canada and the Province of Manitoba.

Cjpripediurn candidum alnd C. calceolus often occur together in the same habitat

and flowering of the two species frequently coincides. Hybrids between these two

species are believed to exist in the natural population based on intermediate plant size and

flower color (Marshall 1966; Luer 1975). Hybrids between C. candidum and C,

calceoLus var. parviflorunt are called CJtpripedium x Andrewsii Full. and hybrids between

C. candidum and C. caLceolus var, pubescens are called CJtpripedium x Favillianum

Curtis (Luer 1975). Hybridization between C. candidum at'¡d C. cøLceolus væ. pubescens

has been confirmed using enzyme analysis (Actor i986; Klie¡ et al. 1991).
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Pollination Biology

Qpripedium species are obligate outbreeders due to the flower structure, and are

dependent on specific insect pollinators, usually bees (Stoutarrire 1967; Catling and

Knerer 1980; Davis 1986). The flowers act as traps for their pollinators, The bee enters

the flower by an opening at the front of the labellum. Once inside the pouch, the bee

is prevented frorn leaving the same way by tlÌe downward projecting rim of the entrance

(Stoutamire 1967). To exit, the bee is led past the stigmatic surface, where it deposits

any adhering pollen, and then to two small exit openings below the anthers. As the bee

forces its way out one of tlie exit holes, it brushes past the anthers and the sticlcy pollen

adheres to its back. Only a bee of the correct size will be successful in effecting

pollination. If it is too large, it cannot enter the opening of the labellum and too small,

it will uot contact the pollen as it exits.

Successful pollination is often quite low and in natural populations, the occurrence

of fertile seed pods is low (Davis 1986; K. Johnson, pers. comm.). The proportion of

fertile pods in C, reginøe was reported to be as low as 12% (Harvais 1980). Fruit set

is believed to be pollinator limited (Davis 1986). Flowers do produce an odor which,

along with their bright colors, plays a role in attracting pollinators. However, the

Cjpripedium species, like rnany orchids, are said to attract pollinators by "deceit"

because the flower provides no nect or other food source (Stoutamire 1967). Bees

quicldy learn to avoid llon-rewarding flowers, resulting in low fruit set. However,

Cjpripedium species will produce seeds if mechadcally pollinated (Hawais 1980).
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Ovary Development

The ovary is unilocular and consists of a large number of very small ovules

arranged in three double rows. h.r Clpripedium species, the ovary exhibits two phases

of growth in diameter and one in length (Duncan and Curtis 1942). Al the time of

pollination, the ovules are at a rudimentary stage. Pod length increases steadily in the

first two weeks following pollination and then levefs off. Duriug the first increase in pod

diarneter, from the time of pollination until approximately 4 weeks after pollination, the

ovules develop from macrospore mother cells to mature macrogametophytes, ready for

fertilization. Following this first growth phase, tltere is almost a complete cessation in

pod growth, during which tirne fertilization takes place. The second phase of growth in

pod diameter takes place after fertilization when the embryos develop rapidly. Duncan

and Curtis (1942) reported that actual fertilization does not take place until 4 to 5 weeks

after pollination. Carlson (i940) also found fertilizatiolì to occur very late in C.

p arvif Lo r um, approximately 26 -33 day s after pollination.

Seed Characteristics

Orclrid seeds, including those of Cjpripediurn species, are among the smallest

angiosperm seeds, weighing frorn 0.3-14 ¡rg (Arditti 1967). However, they are produced

in great abundance with one pod containing from 1 ,300 to 4,000,000 seeds. Stoutamire

(1964) eslirnated that onepod frotn C. acaule contained 54,180 seeds. Theembryo itself

has no cotyledons and sirnply consists of 8 to 100 mostly isodiametric cells. There is no

endospern. At one end of the ernbryo are enlarged partially differentiated parenchyrna
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cells to which the suspensor, consisting of degenerate brown cells, is attached. Lipid

droplets are abundant and these are the rnajor food reserves (Arditti 1967; Carlson 1940).

Protein bodies a¡e also abundant. The other end of the embryo consists of smaller cells

with relatively large nuclei and dense cytoplasm (Arditti 1967; Harvais i974). The

mature seed contains no starch, sugar or nitrates (Carlson 1940). Lnmature seeds, on

the other hand, do contain appreciable amounts of starch and during maturation, this

starch is probably converted into lipids (Harvais 1974; Carlson 1940). The reverse is

true after gerrnination when starch abounds (Harvais 1973).

The embryo of most northern terrestrial orchids has a thin covering or scale

around it consisting of the shriveled remains of the inner integument (Ca¡lson 1940).

This covering is not present in tropical orchids. The outer integuments form a thin

transparent seed coat in which the embryo is suspended. The seed coat of Clpripedium

species is varying colors of brown. Seeds of tenestrial orchids are extremely

irnpermeabie to water compared to those of epiphytic species (Van Waes and Debergh

1986a, 1986b; Pritchard 1985). This was illustrated by Burgeff (1936) who

demonstrated that seeds of tropical epiphytic orchids floated on water for 1 to 9 days,

whereas se€ds of terrestrial species floated for several months.

GerminationiThe Protocorm

Germination of orchid seeds does not foliow the sarne pathway as occurs in most

flowering plants. Germination begins with a swelling of the ernbryo. If the seed is

viable, sorne metabolic activity begins after the swelling, such as protein hydrolysis and
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the disappearance of lipids and the formation of starch (Hadley 1982; Manning and Van

Staden 1987). The embryo coutinues to swell until the se€d coat is ruptured. The

ernbryo is now called a protocoln. Initially the protocorm is just a small round mass

in which there is little tissue differentiatio n. ht Qtpripedium species, the protocorm lacks

chlorophyll. As the protocorm develops, it assumes a cone shape so that a basal and an

apical region are estâblished. The apical, or meristem, region develops a bulge or a

small hook. The basal portion of the protocorm develops fine absorbing hairs calted

rhizoids. As the protocorm develops, several long roots are formed while the shoot

meristem remains relatively quiescent. Growth of the protocorm from the initial stages

of germination onwards is often categorized into sequential stages of development (Arditti

i 967). Sorne refer to these stages of protocorm development as germination (Hailes and

Seaton 1989).

In thei¡ natural habilør Qpripediræ species grow ve¡y slowly. Curtis (1943) did

an extensive investigation of the germination and seedling growth of 5 Qtpripedium

species in their native habitats. By careful examination of the soil around established

plauts, Curtis was able to identify seedlings in almost ail stages of developrnent.

Seedlings develop underground and do not produce their first aerial shoot until the third

year. Depending on the species, Curtis claimed that flowering did not occur for 10-16

years after germination.

An important requirement for germination and subsequent growth in nature is a

rnycorrhizal association with endophytic fungi. The majority of fungi associated with

o¡chids are Ntizoctonia (Harvais 1974; Hadley 1982; Cunah et al. 1987). The
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pÌotocorm becomes infected very soon after germination. Infection occurs through the

suspensor cells o¡ the epidermal hairs and the fungus occupies the basal cells of young

protocorms. Because the protocorms and seedlings of most north temperate terrestrial

orchids develop underground, they are completely heterotrophic. At this stage the fungus

provides nutrients, particularly carbon compounds, and possibly specific metabolites such

as enzyme p¡ecursors (Hadley and Pegg 1989).

Mature plants remain infected with the infection being restricted to the cortical

tissues of the roots. This relationship appeffs to be much more criticai for north

temperate terrestrial orchids than it is for tropical, epiphytic orchids (Hadley 1982).

Roots of north temperate terrestrial orchids often show cornplete infection of the cortex

whereas tropical species show a less dense infection. Mature plants, although no longer

heterotrophic, depend on the fungus during conditions of nutrient stress. Specifically,

uptake of nitrogen and phosphorus is greater in mycorrhizal roots than in non-

mycorrhizal ¡oots unde¡ stress conditions (Hadley and Pegg i989).

In l¡ilro O¡chid Seed Germination

Because of the delicate nature of orchid seeds and the specific conditions required

for germination, in vitro methods have been used, including both syrnbiotic and

asymbiotic culture. Symbiotic methods involve germinating the seed on simple media

along with a fungus (Clernents et al. 1986; Muir 1989). In asymbiotic methods, the

seeds are germinated without a fungus on a complete nutrient medium. In this case the
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medium replaces the need for the fungus. Some species readiiy germinate

asymbiotically using the appropriate medium. However, other species, especially sorne

terrestrial species, do not germinate well under asymbiotic conditions. In this case, it

has been suggested that the fungus, rather than just supplying nutrients, plays a much

more important role and that tlìe culture medium cannot completely it (Hadley i982).

Information specifically on symbiotic germination of Qrp ripediunt species is very lirnited

(Harvais 1974) and germination studies have focused on asymbiotic methods for these

species. The renaiuder of the Literature Review wili therefore focus on these asymbiotic

methods.

Asymbiotic culture began when Knudson (1922) demonstrated that seeds of a

tropical orchid species could be successfully gelninated on a simple mine¡al nutrient

medium with a carbohydrate source. This medium could replace the required

relationship with endophytic fungi. Although Knudson's methods initially met with

opposition, this medium and subsequent modifications of it are still used today for

germinating the seeds of many orchid species. In fact Knudson's work marked the

beginning of modern tissue culture techniques. In vitro propagation of tropical species

using asymbiotic seed germination and meristern culture is now a widespread practice and

a large-scale industry. However, north temperate ter¡estrial orchids have proven much

more difficult to culture.

Curtis (1936) attempted to germinate 3i species of native orchid seeds, including

10 Qtpripedium species, using Knudson medium and his owu rnedium forrnulation, called

Solution 5. Only 2 of the l0 Clpripedium spe-cies developed protocorms, referred to by



Curtis as "partial germination. " Even afte¡ 2 years, "true germination, " that

T2

is

development of roots and shoots, was not achieved. Liddell (1944) aiso had negative

results with seeds of C. pubescens, C. acaule, ard C. reginae using Knudson mediurn.

Even recent attempts using rnature seed and various rnedia have resulted in poor

germination, as low as 1% (Henrich et al. 1981; Arditti et al. 1984; Oliva and Arditti

1984). Germination is often slow, taking several months to reach the protocorm stage.

It is also enatic, so several stages of protocorm development can be found within the

same petri dish. Many factors have been investigated to improve asymbiotic

germination.

Immature Seed

Withner (1953) reported improved germination using immature seed taken from

green pods instead of mature seed and severai researchers subsequently supported this

finding (Stoutamire1964; Fast 1974; Harvais i980; Light i989; St. Arnaud etal. 1992).

The¡e are also technical advantages to using immature seed. Sterilization of immature

seed is a much simpler procedure because the entire pod can be sterilized rather than the

individual seeds, which are extrenely small and hydrophobic and thus a¡e difficult to

handle. Use of immature seed also decreases the waiting tirne until mature pods are

available. However, Linden (1980) found that immature seed of C. calceolus did not

germinate better than mature seed and Ballard (1987) reported that germination of C.

reginae drd not decrease as the seed matured, Instead germination varied randomly and

unpredictably from one pod to the next.
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Although the use of green pods or immature seeds is common, the time of pod

collection has been inconsistent. Often the age of the seed is judged by the pod's

outward appearance (e.g. green vs. brown dehisced pods) (Linden 1980; Arditti et al.

1984). This may be part of the cause of variable germinatior.r results. To alleviate this

problem, hand pollination has been used to ensure seed set. Pods are then collected at

specific times after pollination, for example at 6 weeks (Stoutamire 1964; Frosch 1986)

and 8 to 9 weeks (Withner 1953) after pollination.

Manual pollination is a sirnple task to perform. The two pollinia are sticþ and

are easily removed from the anthers and placed on the stigmatic surface. Hawais (1980)

investigated the advantåges and disadvantages of mechanical cross- and self-pollination.

He concluded that selfing was rnore productive and less laborious than crossing, and that

sirnply using a toothpick to perform the pollination was the most effective and preferable

metlrod. He obtained up to 100% successful self-pollination. Ballard (1987) also found

that selfing was as effective as cross-pollinating. He suggested that poor germination

rnay be partly because of a lack of pollen, resulting in fewer effective fertilization events

and suggested loading the flower with an excess of pollen.

Harvais (1980) recomnended a different meåsurement for determining the time

to collect seed of C. reginae. By using a simple iodine test for starch, he found that

imrnatu¡e seeds, especially the integuments, have significarìt alnounts of starch while

mature seeds do not. A suitable time to collect the seed was found to be when starch has

just disappeared from the integurnents. Delaying seed collection past this point increased

the level of dormancy factors and the rislc of fungal infection (Harvais i980).
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Using a study correlating pod dimensions with internai development (Duncan and

Curtis 1942), Light (1989) used pod diameter tn C. calceolus væ. pubescens to

deternine an optimum tirne to collect seed. She suggested harvesting pods at 40 to 55

days after pollination, which correlated to the midway point of the second phase of

growtlr in pod diameter. At this tirne the embryos were Il3 developed and consisted of

approximately 9- 12 cells.

Mature Seed

There have been several suggestions to explain why seeds of terrestrial orchids

genninate poorly and why immature seed germinates better than mature. These factors

will be discussed in detail.

Gradual Onset of Dormancy

One explanation for the poor germination of rnature seed is that there is a gradual

onset of dormancy as the seed matures. Mature seed the¡efore is highly dormant

(Stoutamire 1964) and the improved gerrnination of immature seeds may simply be due

to tlìe fact that the enbryo is rnore metabolically awake (Withner 1953; Linden 1980)

and germinates readily when taken directly from the green capsule and placed on culture

medium.

Cold Treatment. Several researchers have suggested that a cold treatment may be

necessary to break donnancy in mature seed (Stoutarnire i974; Fast 1982; Ballard 1987).

However, results regarding the requirement fo¡ cold treatment have been very
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contradictory. Ballard (1987) cor.rtends that a cold treatment is absolutely necessary for

germination of C. reginae and suggests that dormancy, rather than gradually increasing,

is established almost as soon as the capacity for germination is developed. He

recommended at leâst 2 months of refrigeration and that "efficiency in growing

cypripediums from seeds requires attention to the temperature factor. "

Adequate germination and growth without the use ofcold treatment has frequently

been reported (Hawais 1973; Heruich 1980). Hawais (1980) found that frozen and

unfrozen seeds germinated equally well and that gibberellic acid had no effect on

gerrnination. He therefore concluded that stratification is not required.

Van Waes and Debergh (1986b), using mature seed of C. calceolus, found that

a cold treatment at 6"C for 4-8 weeks actually decreased germination (1.6t1.2%).

Germination was best at a constant temperature of 23"C (35.9t4.3%). Llght (1,989)

achieved no getmination when seeds were cold-treated, regardless of the stage of seed

maturity,

It should be pointed out that there is a distinction between cold treâtment used to

break donnancy in the seed and cold treatment used to break "epicotyl dormancy" in

protocorms (Curtis 1943). Curtis (1943) indicated that leaf extension frorn developing

protocorms of C)tpripedium species would not occur without a cold Feåtment.

Germination Inhibitors. In trying to explain the lack of gernination in ter¡estrial orchid

seeds, Withner (1953) suggested the presence of an inhibitor that may be removed by

soaking, although no evidence was provided. Kano (1968) presoaked mature seeds of
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5 Qtpripedium species in sterilized nutrient solution for 0, i5 and 45 days before plating

olì agar plates. Germination and growth of four of the species was poor except for C.

acaule wherc germination was best for those cultures soaked for 45 days and poorest in

the culture with no soaking. Although the autlior gave no reasons for this result, Ballard

(1987) implied that inhibitory substances were being washed out by prolonged soaking.

Fast (1982) recommends soaking as a pretreatment for European terrestrial seeds, based

on the assumption that diffusible inhibitors do oecur in the testa. The plant growth

regulator ABA has been irnplicated to be this inhibitor (Van der Kinderen 1987).

However, Stoutamire (1974) claimed that prolonged soaking in distilled water did not

irrcrease gennination for several terrestriai orchids (not including Qpripedium species).

This suggested that diffusible inhibitors in the se¡d are not an important facto¡ for these

species.

Seed Coat Impermeabilit),. Van Waes and Debergh (1986a, i986b) showed that seed

coat impermeability is a major factor affecting germination. Seed coat impermeability

has been attributed to the concave shape of the seed which traps air between the seed coat

aud the embryo (Carlson i940), and to suberin within the integuments (Harvais i980).

Tlie darker the integurnents, the higher the suberization. Germination was increased by

treating mature seeds in hypochlorite solutions, which are used for sterilization.

Hypochlorite solutions remove suberin in the integuments by oxidation and alkalinisation

(Harvais i980). Rernoval of the suberin enhances diffusion of water aud nutrients into

the seed. The optimai duratiol of the treatment depended uporl the species because of
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the varying amounts of suberin in the seed coat. For C. caLceolus, the optirnal duration

was 4 hours. Louger treatment with hypochlorite solutions resulted in damage to the

embryo, whereas shorter treatments did not optimize gerrnination of mature seed (Van

Waes and Debergh 1986a, 1986b). These properties have important irnplications

regarding viability tests for terrestrial orchid species which will be discussed later.

However, it has aiso been suggested that pretreatment in hypochlorite solutions results

in the leaching out or destruction of germination inhibitors (Linden 1992).

Butcher and Marlow (1989) reported that germination of C. calceolus was

irnproved by dissecting the embryo f¡orn the seed coat and then soaking in sterile

deionized water for 30 to 58 days prior to plating on medium. Miyoshi and Mii (1988)

reported that germination of the tenestriai speries Calantlrc discolor was enhanced after

ultrasonic treatment, which removed the seed coat. Preliminary success was also

achieved by using cell-wall-degrading enzymes to improve germination of C. calceolus

seed (Linden 1992). However, Stoutamire (1974) contends that seed coat irnpermeåbility

is not the cause of dormancy in CJtpripedium species because grinding the seed with sand

to abrade the seed coat did not accelerate germination.

Seed Inviabilitv

Stoutamire (1974) proposed that poor germination may simply be the result of

seed inviability. This view is also shared by Hawais (1982) and Fast (1982). Seeds may

become inviable as they mature or viabiiity may decrease with storage time (Stoutarnire

1974; Withner 1953). Seed of rare orchid species is difficult to obtain in European
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countries particularly and thus must be stored for long periods of time. When mature

seeds are observed under a microscope, it is common to find seeds with shriveled brown

embryos within the seed coat (Baltard 1987).

Many of the standard viability tests, such as the tetrazolium chloride test, are

ineffective on terrestrial orchid seeds (Harvais 1974; Yan Waes and Debergh 1986a,

1986b; Pritchard 1985) although they are effective for tropical, epiphytic orchids. The

only real evidence of viability is germination (Hawais 1974). Unfortunately, it can take

seve¡al months until final germination leveis a¡e reached. Even then, unless germination

is performed under optirnurn conditions, it is still difficult to coffelate germination with

viability. As Hawais (i982) succinctly pointed out, "Since there is no known viability

test for orchid seeds, one cannot tell whether in cases of poor germination the seeds are

inviable or whether they have a greater requirement for some factor(s). "

Developrnent of a sirnple fast viability test is extremely desirable, both for

research purposes and fo¡ conmercial production. Recent research has resulted in

viability tests for mature seed of European terrestrial species using adaptations of 2,3,5-

triphenyl tetrazolium chloride (TTC) (Van Waes and Debergh 1986a, 1986b) and

fluorescein diacetate (FDA) (Pritchard 1985) . The differences in response to viabiiity

tests between tropical epiphytic orchid species and European ter¡estrial species has been

attributed to differences in seed coat pe¡meability (Van Waes and Debergh 198óa).

The modified l.TC test involves 3 steps:

a) Pretreatment of seeds in 5 % calcium hypochlorite (w/v) * I % Tween-80 (v/v):

the optimal duration of the pretreahnent depends on the species.
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b) Soak in sterile water for 24 hours.

c) Apply the classical TTC test.

Pretreatment in calcium hypochlorite was neressary to enhance uptake of the stain in the

same way that it improves germination. Using the modified TTC test, Van Waes and

Debergh (1986b) found that C. calceolus se-ed had 40.2% viabill.ty.

The modified FDA test for viability involves:

a) Soaking in distilled water for i6 hours.

b) Rupturing the testa.

c) Applying the FDA test.

Pritcha¡d found that the rapidity of permeation of stain into whole seeds varied with the

species. He felt this was partly due to the large airspace between the testa and the

embryo in European teÍestrial species which hindered access to the stain. Fo¡ this

reason, the seed coat was ruptured. Soaking the seeds prior to rupturing the testa may

facilitate the activation of esterase ervymes because it increased the %FDA viability.

His study did not include any species of Qtpripedinn.

Culture Conditions

Terrestrial species of orchids, especialiy Q,pripedium species, are more difficult

to germinate than epiphytic species (Oliva and Arditti 1985; Heruich et al. 1981). This

is thought to be because of their greate¡ dependence on the mycorrhizal association in

nature compared to that of epiphytic orchids. However, little is larown about the exact

requirements for the asymbiotic gerrnination of terrestrial orchid seeds including their
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requirements for specific macro- and microelements or organic additives during seed

germination and protocorm development (Fast 1982; Van Waes and Debergh 1986b).

A large array of media have been used to germinate Qtpripediutn species and

these media væy widely in their composition. A compilation of media used for orchid

seed germination is given in Arditti (1982) and Fast (1982). Cornparisons of some of

these media have been carried out (Linden 1980; Oliva and Arditti i985; Arditti 1984)

but Oliva and Arditti (1984) admit that their cornparisons provide few answers regarding

the germination requirements of North American orchid seeds. Media comparisons are

not accurate unless the same seed capsule is used because germination can vary so greatly

from capsule to capsule (Harvais 1980; Bailard 1987).

Wide variation in the germination response to any number of media ingredients,

including nitrogen source, hornones and cornplex additives was found. This variation

has been attributed to a number of reasons:

1 . Terrestrial species have different requirements and therefore different responses

than tropical species.

2. There a¡e distinct differences between genera in response to culture conditions

(Arditti 1984). Even species within the same genus will respond differently

(Henrich et al. 1981).

3. Different stages of maturity of seed may have different nutrient requirements

for germination.

4. The apparent response rnay depend on the stage of germination/development

being examined. Therefore, although certain ingredients may be included in

a germination nedium, they actually have little or no effect on gennination but

rather optirnize subsequent growth of the seedlings.
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5. Since media composition cau vary widely, gerrnination response to different

compounds may depend on the other ingredients in the particular medium

tested.

Conprehensive reviews of factors affecting the germination of orchid seeds are given in

Arditti (i967) and Arditti and Ernst (1984).

Lieht vs. Dark Culture Conditions

The majority of studies on terrestrial orchid species concluded that germination

is inhibited by light (Harvais 1973; Stoutamire 1974; Allenburg 1976; Linden 1980; Fast

1982; Van Waes and Debergh 1986b; Ballard 1987). Stoutamire (1.974) suggested that

light-inhibited germination is a protective mechanisrn which prevents seeds at the soil

surface from germinating where they might be subjected to periods of drying. OnIy

those seeds below the soii level rnay germinate and these are obligately mycorrhizal.

Only Oliva and Arditti (1984) contradicted the requirernent for darkness during

germination. Tlrey found that light did not adversely effect germination of Qpripedium

and other native orchid species.

Mineral Nutrition

Salt-poor Mediurn. Terrestrial orchid species are generally rnore sensitive to salt

concenhation and require a more salt-poor rnedium than tropical epiphytic orchids

(Arditti 1984; Fast 1976 and 1982; Van Waes and Debergh 1986b), In fact sorne

ter¡estrial species such as Dactylorlùza will germinate readily on water and agar
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(Stoutamire 1974; Harvais 1972,1974), although they often require a richer medium with

a carbohydrate source for further development. However, Hawais (1973) found that C.

reginae did not gerrninate on water and agar or on a complete mineral medium. The

addition of 1% dextrose to the mineral rnediurn was necessary to achieve gerrnination.

This would imply that a carbohydrate source is necessary for germination in this species.

Van Waes and Debergh (1986b) showed that germination was best for 14 Western

European orchids (not including Qtpripedium) on a medium containing just

microelements, vitarnins and sucrose, with no macroelements, but that further protocorm

developrnent was arrested. Even siight increases in the level of macroelements decreased

gerrnination dramatically, althouglt there were differences among species.

Nitrogen Source. The source of nitrogen appears to be a critical factor in the

germination of terrestrial orchid species. Van Waes and Debergh (1986b) have suggested

that there is a species requirement for nitrogen. However, many studies have focused

on protocorm growth as well as germination. Confusion may have resulted because

nitrogen source may increase growth of the protocorm but have little or no effect on

germination. Raghavan and Torrey (1964) studied the effect of different N sources on

tlre tropical species Cattleya. They found gerrnination and early growth was best on

ammonium, regardless of the source, and that seedlings were only able to utilize nitrate

ions after 60 days. The ability to use nitrate paralleled the appearance of nitrate

reductase in the seedlirgs. However, they did note that germination would occur on a

medium with NO¡ or even irl the absence of added N, but that the protocorms would not

develop further without ammoniurn.
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Van Waes arrd Debergh (1986b) studied the effects of different N sources on

germination of Dactylorlúza maculata. Cerrnination was high on N-f¡ee medium but

nitrogen was required for later development. Organic nitrogen was preferred and the

addition of inorganic N (i.e. KNO:, (NH4)rSO4, or both) decreased gennination at all

concentrations tested. For germination of C. calceolus, Van Waes and Debergh (i986b)

suggested a medium coutaining organic N only. For species of Orchis, Mead and Bulard

(i979) found that organic N in the form of casein hydrolysate was superior to inorganic

N. Addition of ammonium was not necessary but had an improving effect on growth of

protocorms.

Complex additives are undefined components commonly added to culture media,

such as urea, peptone, casein hydrolysate, potato extract and yeast extract. The exact

composition of these components is unknown so exactly what they contribute to the

media is urtcertain. Some complex additives such as urea, peptone, and casein

hydrolysate are considered to be sources of organic nitrogen. Addition of undefined

componerìts to culture media may improve germination or growth of tissues but provide

little information into specific growth requirements. Comparison of rnedia with cornplex

additives therefo¡e also provides little information.

There are differences in germination response to the source of organic N,

regardless of whether it is a defined or undefined component (arnino acids, casein

hydrolysate, peptone etc.). Results a¡e contradictory and probably depend upon the

species, as the following examples may illustrate. Mead and Bulard (1979) found that

casein hydrolysate could be replaced by a reconstitution of its amino acids, or glutarnine
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alone. Van Waes and Debergh (1986b) found that casein hydrolysate and yeast extract

did not inïibit germination for Dactylorhiza maculata as did other exogenous N sources.

L-glutarnine and rnyo-inositol could replace casein hydrolysate. Peptone was inhibitory.

Data are somewhat limited specifically regarding Qpripedium species. Harvais

(1973) demonstrated that C. reginae has a definite requirement for ammonium.

Increasing the NH4NO3 from 400 mg/L to 1400 rng/L in his potato extract medium was

rnarkedly beneficial particularly during the first 10 weeks of germination and growth,

resulting in larger protocorms (Hawais 1982). He also noted that the right

nitrate/ammonium ratio may be critical. However, he found glutamine to be especially

beneficial (compared to glycine and glutamic acid) on a rnediurn containing inorganic N

during germination and early growth of the protocorms, resulting in better growth and

less protocorm mortality. Harvais (1982) also found that urea was toxic to C. reginae

seeds and that potato extract was superior to a combination of casein hydrolysate and

yeâst ext¡act.

Withner (1953) reported that casein hydrolysate was definitely inhibitory for

germination of C. acaule at 50 mg Lr but peptone was beteficial. Fast (1974) suggested

a germination medium for C. calceolus that contained peptone and yeast extract.

Hormones, Research results concerning hormones in the culture medium, including

gibberellius, cytoldnins and auxins, are also ineonsistent. Gibberellins generally have

a negative or no effect on orchid seed gerrnination, including Cjpripedium spe*res

(Arditti and Ernst 1984). Harvais (1980, 1982) repeatedly found that gibberellic acid in
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concentrations of up to 5 mg/L had no effect on the germination and early protocotm

development of C. reginae. Van Waes and Debergh (1986b) reported that GA3 did not

enlrance germination of C. calceolus. The only report of a positive effect is cited by

Arditti and Ernst (1984). They reported that Borriss (1969) found GAo in concentrations

of 5 pprn enlranced differentiation of seeds and seedlings of C. calceolus.

Cytolcinins added to the medium either increase germination of orchid seeds, have

no effect, o¡ decrease germination depending on the species. All Cjpripedium speries

appear to require cytokinins for gernination (Hawais i982; Van Vy'aes and Debergh

i986b). Although Harvais' (1973) preliminary work found no response to aninopurines,

he (i982) later demonstrated that C. reginae requires a cytokinin for germination and

subsequent growth. He tested three aminopurines, kinetin, benzyl arninopurine (BAP)

and 6(,y.y-dimethylallylamino)purine (2iP) at three levels. The best hormones for

germination and early growth were 2iP at concentrations of less than 0.25 mg Lt

followed by BAP at 0.25-0.5 rng Lt and kinetin at less than 0.5 rng L-t. However, later

development (greening, growth and survival) of plantlets was favored by ldnetin, BAP

and 2iP in that o¡der. For this reason Harvais adopted kinetin in subsequent studies.

Van Waes aud Debergh (1986b) also demonstrated that C. calceolus requires a cytokinin.

At a low concentration (0.88 pM), BA irnproved germination of mature seed.

Auxins, in general, do not enhance orchid seed gelniuation (Arditti and Ernst

1984). Harvais (1982) demonstrated that auxins (IAA, NAA, IBA, and 2,4-D) did not

stimulate germination of C. reginae, but, in combination with kinetin, NAA in particular

irnproved growth and survival of protocorms. For this reason, his potato extract medium

inciuded ldnetin at 1 mg L-t and NAA at 0.1 rng Lt (i.e, 10:1 ratio).
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CHAPTER 1

In vitro germination of three Qtpripedium

species in relation to time of seed collection,

media and cold treåtment



4.1

Abstract

In order to maximize the in vitro seed germination of three CJ,pripedium species,

C. candidum Muhl. ex Willd., C. reginae Walt., a:nd, C. calceohts L. vat. parviflorum

(Salisb. ) Fern., the optimum time of se€d collection and the suitability of various media

were studied, The effects of a cold treatment were also investigated for C. candidum.

Seed pods were collected at regular intervals after pollination, these ranged from green

pods at 5 weeks to dry undehisced pods at 12 weeks. Seed was inoculated onto three

rnedia, Hawais, Van Waes and Debergh, and a rnodified Norstog and germination was

assessed at 4-week intervals for 20 weeks. Qpripediunr reginae germinated better than

the otlrer two species. Except for C. candidum in 1989, when germination peaked for

seed collected at 6 weeks after pollination, seed collected at 8 weeks after pollinatio¡ had

the highest germination. After 8 weeks, germination decreased sharply in all species,

dropping below l% for C. candidum. There were differences in germination among

media but the effects ou germination were not colìsistent and depended on the year, the

date of collection, and the species. Subsequent developrnent of protocorms was superior

in all cases on the modified Norstog rnediurn. The effect of cold treatment on

germination of C. candidum seeds was variable and therefore its importance is

questionable.
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Introduction

The Qpripedium species are north temperate terrestdal orchids cornrnonly called

lady's-slippers because of the slipperJike appearance of the flower. Lady's-slippers are

becoming increasingly rare due to destruction of their native habitat by human

encroachment (Bowles 1983; Brownell L98l). Clpripediun cantlidu¡n Muhl. ex \ililld.

is considered to be endangered in Canada, including the Province of Manitoba. Because

of their delicate fTower, Clpripedium spentes show potentiai in the nursery trade and

plants currently sold by nursery growers are usually taken from wild stands. Therefore,

practical, efficient methods of propagation are necessary to prevent depletion and possible

extinction of natural stands.

Tlre propagation method that has received the most attention for Qtpripedium

species is itt vitro sæÅ germination. However, the success of such methods has been

variable. Lt nature, an association with endophytic fungi is necessary for germination

and growth and it is this dependence that may make in vitro culture difficult (Hadley and

Pegg 1989). Germination is often poor, siow and erratic. Results of germination studies

have been contradictory and in many cases, somewhat ernpirical in nature, with limited

control of variability. For example, seeds at different stages of maturity have been used

within the same study (Linden 1980; Henrich et al. 1981; Oliva and Arditti 1984). Many

media, varying widely in composition, have be¿n used (Arditti et al. i982) but it is

difficult to determine which is the most appropriate because of species and genotypic

variability (Henrich et al. 1981). Little is known about in vitro re4tsirements for
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germination, including specific requirements for macro- and microelements (Fast 1982).

It is aiso important to distinguish between requirements for germination and requirements

for protocorm growth following germination. Certain substances may improve growth

of protocorms but have little or no effect ou germination, or vice versa.

Since Withner's (1953) repo¡t of improved germination with immature seed

compared with mature seed in C. acaule, subsequent studies have revealed similar

findings for other Qpripedium species (StoutÂmire 1964; Liglìt 1989; St. Arnaud et al.

1992). In contrast, in C. reginae, Ballard (1987) reported unpredictable variation in the

germination response as the seed matu¡ed. Despite these general observations, the

optimal time to collect immature seed to maximize germination is not known.

The superior germination typical of immature seed suggests that a type of

dormancy may exist in the rnature seed. It has been reported that a cold treâtment may

be required to break dormancy (Stoutamire i974; Fast 1982; Ballard 1987) but again the

results have been contradictory (Van Waes and Debergh 1986b; Light 1989). It should

be pointed out that cold treatment to break seed dormancy is different from a cold

treatment to break 'epicotyl dormancy' (Curtis 1943) in plantlets.

Because of the lack of carefully controlled research, an investigation of

germination of three natle Qtpripeditru species was initiated with the following

objectives: (i) to determine the optirnurn time to collect seed to maximize germination

and quantify decreased germination capabilities as the seed matures, (ii) to compare the

effects of three media on gelnination, and (iii) to investigate the effect of a cold

treatment on germination fot C. candidum serds.
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Materials and Methods

Collection sites

Experiments were established using seed from Manitoba populations of three

Qtpripedium species: C. calceolus L. var. parviflorøm (Salisb.) Fern. (Beausejour); C.

reginae W^lt. (Winnipeg); and C. candiduø Muhl. (Winnipeg and Kleefeld). Two

populations were used lor c. candidum in one of the experiments because pod formation

was low for this species in that year.

Pollination

A large number of flowers from each species were self-pollinated manually, using

the wide end of a tootþick to transfer both of the sticky pollinia onto the column of the

same flower (Hawais 1980). only those flowers with 2 intact pollinia were used as this

indicated that they had not been previously visited by an insect pollinator (plowright et

al. 1980). successful pollination by insects is quite low and pod fonnation is pollinator

limited (Davis 1986; Bowles 1983;Brownell 1981). Hand-pollination ensures good seed

set, results in a greater nurnber of seeds per pod, and provides increased seed viability

and germination (Harvais 1980; Ballard 1987).

Experi mental desien

'[wo in vitro experiments were established. In each experiment, pods were

randorniy collected at regul intervals after poilination (Fig. 1.1). seeds f¡om each pod
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FIG' L L The general design for experiment 1, showing the relationslìip between media,
pods and tirne of seed collection for the ln vitro germination studies of epripedium
species. In experiment 2, the time of collection was expanded to include 5 and 7 wAp
and a cold treatment was added (see text for details).
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were divided into lots for inoculation onto three media. In experiment 1, there was one

plate for each mediurn and plates were placed at room ternperature only. Iu the second

experiment, seeds were placed in either a cold treatment or at 23'c for all media. There

were 2 plates for each treatment combination.

Seed collection

In experirnent 1, four pods of each species were collected at 6, g, 10 and 12

weeks after pollination (WAP) in 1989 (Fig. 1.1). In experiment 2, four pods of C.

candidutn only were collected at 5, 6, 7, 8, 10 and 12 WAp in i990. The pods were

taken to the laboratory for inoculation of the seeds onto media.

Media

In both experirnents, three media were compared: Harvais (19g2), Van Waes and

Debergh (V!fD) (1986b) and a rnodified Norstog (Fig. 1.1). Norstog rnedium (1973)

was modified as follows: the macroelements were reduced by half, the pH of the

rnedium was adjusted using 5M NaOH, instead of NIL,OH, and benzyl adenine was

added at 0.2 rng L-1. Modified Norstog is a cornpletely defined rnedium whe¡eas the

other 2 media contain complex additives (Appendix A).

Culture conditions

Iu experiment 1, ali of the petri dishes were placed in an incubator at 23"C in the

dark. In experiment 2, one-half of the petri dishes were placed at 23,C itt the dark, and

the other half were placed at 4'c for 2 nonths, after which tirne they were also placed

at 23'C in the dark.
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Inoculation

Working in a laminar flowhood, pods were surface sterilized in a 2% sodiurn

hypochlorite solution fo¡ 15-20 rninutes and then rinsed three times in distilled deionized

water. A piece of sterile filter paper was placed on top of the medium in eactr petri dish

prior to inoculation. Each pod was cut open and the seeds were either scooped out with

forceps or shaken directly onto the filter paper (Fig. 1.2). Each plate contained

approximately 150 to 300 seeds. The filter paper facilitated the transfer of seeds onto

fresh rnedia at 6 week intervals. This was considered to be important to prevent

desiccation of the rnedia and accumulation of phenolic compounds.

Ge¡mination

Each plate was examined at 4-week intervals for 20 weel$ in culture using a Zeiss

stereomicroscope (10X magnification) and the number of genninating seeds re¿orded.

Germination was considered to have occur¡ed when the embryo emerged from the testa.

Gennination was expressed as a percentage of the total number of seeds inoculated. The

genninated embryo is called a protocorm (Arditti i967). Initially, the protocorm is just

a small round mass with little tissue differentiation, As the protocorm develops, it

assumes a cone shape, so that a basal and an apical meristematic region are established.



FIG. 1.2, Protocorm development of C, calceolus var. parviflorum after 20
weeks in culture on 3 media showing percent germination. A. Harvais mediurn,
B. modified No¡stog medium, and C. Van Waes and Debergh medium. Seed was
collected at eight weeks after pollination. Dimensions of petri dishes, 100 x 15

mm.
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Statistical Analysis

Analysis of variance (ANOVA) was performed separately for each species on the

final germination counts after 20 weeks in culture. The model included time of

collection (WAP), pods nested within time of collection and media. In Experiment 2,

cold treatment was added to the model. Gerrnination percentages were transformed using

the arc sin square root to overcome lreteroscedasticity (Steel and Torrie 1980).

Results

Pod and Seed Development

Pods collected at 5 and 6 WAP were green and the seeds were white and moist.

At this ståge, part of the placenta remained attached to the seeds during inoculation. By

I WAP, the seeds were beginning to turn light brown, so there was a mixture of white

and brown seeds in the same pod. At this time, the seeds were dry and loose, and could

be readily shaken onto the petri dish. Complete maturity of seeds and pods appeared to

be aclrieved by i2 WAP and for C. reginae and C. calceolus var. pamiflorum, the pods

were close to dehiscing. lt't C, candidunt, two of the four pods collected in 1989 at 12

WAP were still green although the seeds inside were dark brown.
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1¿ vilro Germination

Comparison of Species

Regardless of treatment, germination of C. reginae seed was highest whiie that

of the other two species was relatively similar (Figs. 1.3 to 1.5). However, the

variability in germination was also greater in c. reginae. Following germination, there

were also differences in protocorm development among species. protocorms of C.

reginae developed more rapidly, producing many long roots sooner than the other two

species.

Time of Seed Collection

Experiment 1. In 1989, the time after pollination that seed was collected had a

significant effect on germination in all 3 species (Figs. 1.3 to 1.5). In C. reginae (Fig.

1.3)and C. calceolus vat. parviflorum (Fig. 1.4), germination peaked for seed collected

at 8 WAP. However, with modified Norstog and WtlD, there was little difference in

gernination between seed collected at 6 o¡ 8 WAP. After 8 WAp there was a sharp

decrease in germination. In C. candidum (Fig. 1.5), the germination peak occurred for

seed collected at 6 WAP, the initial inoculum date, after which time germination

dec¡eased sharply. There was an increase in germination with seed collected at 12 WAp

compared to 10 WAP, but only on Vl[D medium. The reasons fo¡ this increase are

unknown.

Experirnent 2. In 1990, the time of seed collection again had a significant effect

on germination in C. candidun (Fig. 1.6) but the pattern was somewhat different than

in the previous year. Beginning at 5 WAP, germination gradually inc¡eased until 8
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Cypripedium reginae
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FIG. 1.3. Mean percent germination of C. reginae serd colle¡ted at successive weeks

after pollination on modified Norstog mediurn (t), Van Waes and Debergh medium ( A ),

and Harvais medium (.) after twenty weeks in culture. From ANOVA, significance

levels were: tirne of collection, P:0.0370, media, p=6.1679, timeof collertion x media

interaction, P:0.4986. Vertical lines indicate standa¡d enor. Those points without

error ba¡s had standard errors smaller than the dimensions of the symbol.
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Cypripedium calceolus var. parviflorum
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FIG. 1.4. Mean percent germination of C. calceohts var. parviflorunr seed collected at

successivê weeks after pollination on modified Norstog medium (!), Van Waes and

Debergh medium (Å), and Hawais rnedium (c) after twenty weeks in culture. From

ANOVA, significance levels we¡e: tirne of collection, p<0.0001, media, p<0.0001,
time of collection x media interaction, p=0,0454. Vertical lines indicate standa¡d enor.

Those points without error bars had standard erro¡s smaller than the dimensions of the

symbol.
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Cypripedium candidum

6810 12
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FIG. 1.5. Mean percent germination of C. candidunr seed collected in 1989 at

successive weeks after pollination on modified Norstog medium (¡ ), Van Waes and

Debergh medium ( A ), and Hawais medium (.) after twenty weeks in culture. From

ANOVA, significance levels were: time of collection, p<0.0001, media, p<0.000i,
time of collection x media interaction, p:9.9124. Vertical lines indicate standard error.

Except for Norstog and VWD media at 10 WAP in which there was only one value due

to contamination, those points without e¡ro¡ ba¡s had standa¡d enors smaller than the

dimensions of the symbol.
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Cypripedium candidum
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FIG. 1.6. Mean percent germination of C, candidum room temperature treated seed

collected in 1990 at successive weeks after pollination on modified Norstog medium (r ¡,

Van Waes and Debergh medium (A ), and Harvais medium (e ) after twenty weeks in

culture. From ANOVA, significance levels were: time of coliection, p:0.0009, media,

p < 0.0001, timeof collection x media interaction, p =Q.7131, cold treatment p:0.0263,
time of collection x treatment p=0.0176, media x treåtment p:0.0056. Vertical lines

indicate standard errors. Those points without error bars had standard enors smaller

than the dimensions of the syrnbol, except for Norstog medium at 5 WAP in which there

was oniy one value due to contamination.
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WAP, as it did for the other two species in the previous year, followed by a sharp

decrease at 10 WAP. There was little difference in germination between seed cotlected

at 10 and 12 WAP.

Media

Experiment L In C. reginae, there were no significant differences in gerrnination

between media (Appendix B, Table B-1). ln C. calceolus var. parviflorum and C.

candidum there was a significant interaction between media and time of seed collection.

Separate ANOVAs performed for each time of collection revealed that in C. calceolus

vat. parviÍlotun¿ there were no significant differences between media at 8 WAP but at

10 and 12 WAP germination was highest on modified Norstog compared to the other two

media (Appendix B, Table B-2) . In C. candidum, germination on Harvais was lowest

at 6 WAP and germination on WVD was greatest at 12 WAP (Appendix B, Table B-3).

Experiment 2. In 1990, there were significant differences in the germination of

C. candidum seeds among media. The pattern in relation to WAP was similar on ali

th¡ee media (Fig. 1.6). In contrast to 1989, there was no inte¡action between WAP and

rnedia. Based on separate ANOVAs for each time of collection, germination on modified

Norstog was significantly higher than on Harvais (p<0.01), except for 5 and 6 WAP

(p=O.Oz and p=0.03, respectively) (Appendix B, Table B-4).

Following germination, ptotocorm development varied with the media (Fig. 1.2),

Protocorm development was faster on modified Norstog for all 3 species, and at all times

of collection. By 20 weeks in culture, many protocorms had one or more long roots.

Conversely, on VWD medium, protocon¡s were small with a few roots. With the
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rootexception oÍ C. reginae, protocorms on Harvais medium were small with no

fornation, and nany had turned black.

Cold Treatment

Experiment 2. The effects of cold treatment on germination were variable and

depended on both the media and the time of collection (Fig. 1.2). In general, the cold

treatment advanced the overall pattern, so that germination peaked at 7 WAp, as opposed

to 8 WAP (compare Figs. 1.6 and 1.7). At the peak, germination was greatest on

modified Norstog medium with a cold treatment compared to Norstog at 23"C. With

Harvais medium, germination was considerably lower after the cold treatment than at

23'C. At 12 WAP, as the seeds approached maturity, germination of cold treated seeds

was greåter than those held at 23"C but only on modified Norstog and WID rnedia.

Rate of Germination

Experiment 2. The progression of germination over 20 weeks in culture was

compared for C. candidum seed collected at various times afte¡ pollination on modified

Norstog nedium (Fie. i.8), VWD medium (Fig. 1.9) and Harvais medium (Fig. 1.10).

There were differences in the pattern of germination over time between seed collected

at different tirnes after pollination for all media. These diffe¡ences were evident after

just 4 weeks and were maintained throughout the culture period. Germination was higher

with seed collected at 8 wAP than at the other times of colle¡tion during the entire time

in culture on all 3 media.



Cypripedium candidum

678910 11 12

WEEKS AFTER POLLINATION

FIG. 1.7. Meân percent germination of C. candidum cold treated seed collected in 1990

at successive weeks after pollination on modified Norstog medium (r¡, Van Waes and

Debergh medium ( A ), and Harvais medium (.) after b.venty weeks in culture. From

ANOVA, significance levels were: time of collection, p=0.0009, rnedia, p<0.0001,
time of collection x media interaction, p:0.7131, cold treahnent p=0.0263, time of
collection x tleâtment p=0.0176, media x treåtment p=0.0056. Vertical lines indicate
standard errors. Those points without er¡or ba¡s had standard errors smaller than the

dimensions of the symbol.
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FIG. 1.8. Mea-n percent germination of c. candidwn on modif,red Norstog medium in
relation to time in culture for seed collected in 1990 at 5 WAp (.), 6 WAp (*), 7 WAp
(tr), 8 wAP (!), 10 wAP (Â) and 12 wAp (Ä).
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FIG. 1.9. Mean percent germination of C. candidum on Van Waes Debergh medium in
relation to time in culture for seed collected in 1990 at 5 WAp (.), 6 WAp (*), 7 WAp
(n), 8 WAp (r), 10 wAp (Á,) and 12 wAp (a).
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FIG. 1.10. Mean percent germination of c. candídum on Harvais medium over time in
culture fo¡ seed collected in 1990 at 5 WAp (o), 6 WAp (*), 7 WAp ([), g WAp (I),
10 wAP (À) and 12 WAP (Á,).
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Despite general similarities in the pattern of germination in relation to the tirne

in culture, there was variation in the rate of germination between the different times of

seed collection and the three media. In general, seed collected at7 and g wAp showed

a dramatic increase in germination between 4 and 8 weeks in culture (Figs. l.g to i,10).

on modified Norstog, germination afte¡ 8 weeks in culture was approaching the

maximum ¡eached at 20 weeks. In contrast, seed colle¿ted at 5 and 6 wAp showed a

reiatively constant increase in germination rate during the entire time in culture for all

media, seed collected at 10 and i2 wAp showed only small increases in germination

during the 20 weeks in culture, although the increase \.vas greâter on modified Norstog

than the other two media.

In seve¡al cases, the percent germination dec¡eased between g and 12 weeks in

culture. Many protocorms which had just emerged from the testa at g weeks turned

black and died, so that by i2 weeks they were no longer counted as germinated (st.

Arnaud et al. 1992).

Discussiou

Numerous studies have shown that immature seed of cJtpripedirun species

germinates better than mature seed (withner 1953; stoutamire 1964; Fast 1974; Hawais

1980; Ligtrt 1989; st. Aruaud et aL l99z) but few rigorously controlled expedments

have been conducted to dete¡mine if there is an optimum time to collect seed to maximize

germination. In tlÌe present investigation, an optinum tirne of about g weeks after
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pollination was fouÍrd for all 3 species. In contrast, Ballard (19g2) found no such

optimurn in c, reginae for seed collected 35 to 95 days after pollination. Although a

wide range of developmental stages were tested, there was little replication. Light (19g9)

suggested that natural variation in pod developrnent may affect the determination of an

optirnum tirne for collection. Based on a study correlating pod dimensions with internal

development (Duncan and curtis 1942), Light (1989) used pod diameter in c. calceolus

vat. pubescens to determine that hawesting at 40 to 55 days after pollination optimized

germination. variation in pod development may account fo¡ the differences in the

optirnum tirne fo¡ germination in c. candidum between sites and years found in the

present study.

The determination of an optimum stage of development for itt vitro seed

germination suggests that, prior to this stage, the seed may be too immature and has not

reached a state of co¡npetence for germination. Light (1989) showed thatembryos of c.

calceolus var. pubescens collected at 43 days post-pollination consisted of only 3 cells.

Ballard (1987) found that seed of c. reginae collected, pdór to 45 days after pollination

usually gave the lowesi germination percentage. such a delay in seed maturation may

be related to the slow fertilization process in orchids. Duncan and curtis (1942) found

that actual fertilization was not complete in c. pubescens until 5 weeks after pollination.

rn c. pamifloruz, carlson (1940) showed that fertilization occurred between 26 and 33

days after pollination. Therefo¡e seed collected at 5 and 6 wAp, although capable of

sorne limited germination, is still in a rudimentary form and fe¡tilization of most ovules

may have occurred just prior to pod collection. The embryos may not be capable of
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continued growth once placed on the medium or they rnay require more stringent

culture/media conditions.

For seed collected after 8 wAp, there was a sharp decrease in germination for

all 3 species under the in viffo conditions used. It has been reported that increases in the

hydrophobic natu¡e of the seed coat during development may inhibit germination of

mature seed of te¡restrial orchid species (Hawais i980; van waes and Debergh 19g6a,

i986b)' In the present study, as the seed matured, the seed darkened in colo¡. This

change in color is a function of the amount of suberin in the seed coat (Harvais i9g0).

More suberization leads to da¡ker integuments and contributes to the hydrophobic nature

of the mature seed. Hypochlorite solutions, when used to sterilize seeds individually,

rernove the suberin in the integuments so that germination of mature seed is enhanced

(Hawais 1980; Van Waes and Debergh 1986a, 1986b).

other suggested causes fo¡ poor germination of mature seed include lack of

viability (van waes and Debergh i986b), presence of germination inhibitors in the

rnature seed coat (Fast 1974), and onset of dormancy in the matu¡e seed (stoutamire

1'974) ' For c. calceolus, viability of mature seed as low as 40.2% has been reported

(varr waes and Debergh 1986b). Low viability may partially explain the relatively low

germination observed at the optimum tirne of seed collection for all species examined in

the present study.

cold treatment or stratification is often required to break dormancy in seeds of

many temperate perennial species. cold treatment produced contradictory results with

Qpripedium species. several reports have suggested a need for a coid treatment (Fast

1982; Ballard 1987). Ballard (1987) reported that a cold treatment of at least 2 months
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is absolutely necessary for germination of c. reginae and suggests that dormancy is

established almost as soon as the capacity for germination is developed. Adequate

germination and growth without the use of coid treatment has also been reported (Harvais

1973; Heruich et al. 1981) and van waes and Debergh (19g6b) and Lighr (1989) found

that a cold treatmerìt actually decreased germination of c. calceolus and c, calceolus va¡.

pubescens. The use of a cold Íeatment with c, candidur¿ in this research provided no

clarification to these contradictions. Except for the slightly higher germination at the

optimurn time of seed collection, the cold treatment did not increase germination enough

to waÍant the 2-nonth delay invoived. In fact gerrnination was decreased on Harvais

medium at certain tirnes of seed collection. If only rnature seed is available, the increase

in gernination after cold treatment on two of the rnedia may justify its use but this would

require further investigation.

Qtpripedium reginae appears to be more amenable to culture tha' the other two

species. Higher germination numbers were aftained with c. reginae and the protocorms

were mofe vigorous. This is consistent with other reports (oliva and Arditti 1gg4) and

may be the reason why c. reginae has been the focus of more studies than other

Cjpripediwn species (Harvais i973; Ballard 1987; Frosch 1986).

Because the effect of media on germination was not significant in c. reginae, the

conposition of the medium may not be as critical a factor affecting germination in c.

reginae as in the other two species, variation in the germination response was greatest

ín c. reginae, This rnay be related to high pod+o-pod variability, which has been

reported in Clpripedium species, especially with C. reginae (Hanus l9g2; Ballard

1987).
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Harvais medium (1982) proved to be as effective for the germination of C.

reginae se¡d as the other two media tested, but that was not the case for the other species

examined. This is not surprising since Harvais perfected his medium specifically for c.

reginae, He suggested that it could be an appropriate rnediurn for germination of other

terrestriai orchid species. However, Fast (1976) found that c. calceolus germinated

better on 1/4-strength Harvais medium.

Norstog (i973) described a medium specifica.lly formulated for culturing immature

excised barley ernbryos. Henrich et at. (198i) proposed that the Norstog medium rnight

be appropriate for germination of terrestrial orchid species because these seeds a¡e

essentially ¡udimentary undifferentiated embryos containing no endosperm. However,

their investigation of several Qpripedium species revealed relatively low germinatiorr and

considerable variability among the species using this mediurn and suggested the need for

refinement of the Norstog medium. It has been shown that a salt-poor medium, an

inorganic nitrogen source and the addition of a cytokinin are critical for the gerrninatio¡

of Çtpripeditun species (Harvais 1982; Van Waes and Debergh i986b). The

modifications to Norstog rnedium in the present study were favorable for both the

germination of 3 Qpripediurz species and for the continued growth of the protocorms.

Iu addition, the rate of germination supported was greater, especially for seed collected

at 8 wAP, than was the case in the other media. Norstog medium is also suitable fo¡

future studies into the specific requirements of germination and protocorm growth of

Qpripedium species and other terrestrial orchids because it is a completely defined

medium.
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CHAPTER 2

The cytokinin preference

for in vitro germination and protocorm growth

of Qpripedium candidum
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Abstract

cytokinin preference and optimum cytokinin levels were investigated fo¡ in vitro

germination and protocorm growth or clpripedium candidum Muhl. ex willd. using seed

colle¡ted eight weeks after pollinatiou. Benzyl adenine (BA) and 6-(o,e_

dirnethylallylamino)-purine (2iP) in concentrations of up to 0.g rng Lr enhanced

germination significantly compared to the control without cytoldnin. Kinetin did not

enhance germination. The pattern of germination over time in culture varied with

cytoldnin type. After 4 and 8 weeks, a higher percentâge of the final germination had

occurred on media with BA and 2iP. Nine protocorm rnorphological types were

identified. The morphological types observed with the use of kinetin were similar to

those seen with the control, whereas on BA and 2ip the rnorphological types were

diffe¡ent. Protocorms developed faster on all three cytokinins than on the control.

Benzyl adenine added at the highest concentrations delayed root development. A rnodel

to explain the effect of cytokinins on protocorm development is proposed.

Introduction

Qpripediwn candidumMuhl. ex Willd., comrnonly called the small white lady's_

slipper, is a north temperate tenestrial orchid. epripedium candidum is commonly

found in moist sites of tallgrass prairie and is considered to be in danger of extinction

throughout most of its range in North Arnerica (Brownell 1981). It cunently occurs in

2 canadian provinces, with Malútoba having the largest nurnber of stands, and in 13
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states in the u.s. (Bowles 1983). The major factor in its decline is habitat destruction

primarily by human activity (Brownell 1981). To prevent its possible extinction, a

reliable propagation method is desirable. one such method is using lr vitro seld

germination to produce plants for reestablishment in the wild or comrnercial production.

In general, in vitro germination of north temperate tenesÍial orchid species seed

has been rnore difficult than with tropical epiphytic orchids. Terrestrial species have

more stringent re4uirements for germinatiou but little is known about specific ttreir

requirements (Fast 1982). Nevertheless, in recent years certain requirements have

become apparent. Te¡restrial orchid species prefer a salt-poor medium and the nitrogen

source plays a critical role in gerrnination (Fast 1982; van waes and Debergh 19g6b).

Moreover, the required culture conditions are specific to genera and sometimes even to

species (Henrich et al. 1981).

Experiments with plant hormones produced inconsistent germination results and

these differences may again be related to genera (Arditti 1929; Arditti and Ernst 19g4).

Although specific hormones are included in many germination media, some of these

ho¡mones have little effect on germination and are only required for the developing

protocorm (Harvais 1982), leading to confusion regarding their exact role.

Terrestrial orchid species are dependent on mycorrhizal associations during the

later stages of gerrnination in nature. The embryo may acquire the necessary elements

for germination, including hormones (specifically cytokinins, Arditti l9z9) or enzyme

precursors (Hadiey and Pegg 1989) frorn the associated endophyte. This may explain the

possible need for cytokinins during asymbiotic ge¡mination. Harvais (19g2) reported that



55

cytoldnins are the lnost important g¡owth regulators affecting in viÛo germination of

native terrestrial orchids. A cytokinin requirement has been shown for the germination

or c' reginae (Hawais 1982) and c. calceorus L. (van waes and Debergh 19g6b).

However, little is known about the in vitro germination requiremen ts of c. carrlidum,

including the possible role of cytokinins. As well, gerrnination rates are usually low in

this species (De Pauw and Remphrey i993; Henrich et al. l9g1; stoutamire 1990;

Anderson 1990). The following investigation examines the cytokinin preference and

optimum cytokinin levels for the in viffo germination and protocorm growth of c.

candidunt.

Materials and Methods

Pollination and Pod collection. A large number of flowers of epripedium candidum

in a stand near Kleefeid, Manitoba were manually self-pollinated, using the wide end of

a flat toothpick to transfer both pollinia onto the stigma of the same flower (Harvais

1980). six pods were randomly collected 8 weeks after pollination which had been

determined in a previous study to be optimum for germination, although some variation

in this optimum time exists (De pauw and Remphrey 1993). pods were brought to the

lab and prepared for inoculation onto media on the same day.

Inosulation. In a lamina¡ flowhood, whole pods were sterilized in a 2% sodiurn

hypochlorite solution for 15 minutes, and then rinsed 3 times in sterile deionized water,
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Pods we¡e cut open and the seeds sprinkled onto a sterile piece of wratman No. 2 fiiter

paper that had been placed on top of the culture medium just prior to inoculation. The

filter paper had been soaked overnight itt 70% ethanol and then rinsed in distilled water

prior to use. Seeds frorn each individuai pod were assigned to all treatments. There

were approximately 150 seeds per plate and 2 replications of each treatment per pod.

Petri dishes were placed in an incubator al 23'c,, in constant darkness. seeds were

subcultured at 6-week intewals, by simpiy transferring the filter paper onto fresh

medium.

culture Mediurn, The basic mediurn used was Norstog (1973) as modified by De pauw

and Remphrey (1993). The rnedium was supplemented with one of the following

cytokinins: BA, kinetin and 2iP at concentrations of 0.i, 0.2, 0.4, 0.g and i.6 mg L-r,

and the control plates had no cytokinin.

Gelnination. Each plate was examined at 4-weelc intervals for 20 weeks in culture using

a Zeiss stereomicroscope (10X magnification). The number of germinating seeds was

¡ecorded. Germinatiou was considered to have occur¡ed when the ernbryo emerged from

the testa. Germination was expressed as a percentage of the totai numbe¡ of seeds

inoculated.

Protocorm Development. The germinated embryo is called a protocorm (Arditti 1967).

P¡otocorm morphology was assessed in relation to cytokinin type and concentration at
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12 and' 20 weeks of culture by classifying them into one of 9 morphological types

encompassing growth from germination to rooting (see Results section). Representative

morphologicai types \ ere photographed using wild M8 dissecting rnicroscope equipped

with a Photoautomat came¡a attachmeut. The frequency of protocorms of each

morphological type was calculated as a percentage of the total

statistical Analysis. Analysis of variance (ANovA) and tests for the le¿st significant

difference (LSD) were performed on germination percentages for e¿ch 4-week interval.

The rnodel included partitioning of variance for pod, cytokinin type, cytokinin

concenhation and replications. Row by column contingency tests using chi-square were

performed to investigate differences in protocorm development between treatments.

Results

Germination

The effect of th¡ee different cytokinins and increasing cytokinin concentrations

on tlre germi'ation of c. candidum after 20 weeks in culture are shown in Fig. 2.1.

Both BA and 2iP increased germination significantly compared to the control with no

cytokinin, whereas gennination in the presence of kinetin was not significantly different

from the control, regardless of concentration. Fo¡ both 2ip and BA, germination

inc¡e¿sed with concentration until 0.8 mg L-'. statistical tests performed on germination

data at each 4-week interval (Appendix c), revealed that the relative differences among

cytokiuin types and cytokinin concentrations found after 20 weeks \ryere the same after

4 weelcs and throughout the entire time in cultu¡e.



58

6ru
F
z
É, zo
É.
¡.IJ
o
| ,-Z lc
LU
O
cc
LUL '10

0
0.0 0.2 0.6 0.8 1.0 1.2 1.4 1.6

CYTOKININ CONCENTRATION (mg L-t )
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standard er¡or. Kinetin (A); BA (.); 2iP (!). The mean percent germination of the

control with no cytokinin : 16.94 + 1.39. From ANOVA, significance levels were:
cytokinin, p<0.0001, concenÍation, p<0.0001, cytokinin x concentration interaction,

P:0.7076.
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There were differences in the pattern of germination among types of cytokinin

used over the time in culture. Germination was initiated approximately 2 weeks after

inoculation in most treatments. After 4 and I weeks in culture, a higher percentage of

the finai germination had occuned on media with cytokinins, but particularly on those

using 2iP and BA (Table 2.i). However, after 12 weeks in culture further increases in

germination were small regardless of cytokinin type. Approxirn ately 90% of the total

number germinafeÃ,by 20 weeks had germinated after twelve weeks in culture, regardless

of cytokinin type used.

Protocorn Momhologv and Developrnent

Nine morphological protocorm types were distinguished over the time in culture

(20 weeks). The first distinct protocorm structure was recognized when the protocorm

had just broken through the testa forming a small spherical mass (Stage 1, Fig.2.2). A

second group of protocorms was recognized in which the protocorms were about 2 times

larger than those in Stage 1 and less rounded, sometimes with a distinctive point at one

eud, and the presence or absence of ¡hizoids on the other end (Ståge 2, Fig. 2.3). These

two stages were recognized in all cultures and represented the initial stages of

germination. Such stages are reportedly common to most orchid species (Arditti 1967).
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Table 2.1. Relative germination of C. candidum seed after 4,8, 12 and 16 weeks in

culture expressed âs a percentâge of the totâI number of se¿ds that had germinated after

20 weeks. For each cytokirún, values were pooled across concentration. BA, Benzyi

adenine; 2iP, 6-(a, o-dimethylallylamino)-purine.

Treatment Weeks in culture

16t2

Control

Kinetin

2iP

BA

34.38

39.09

54.48

47.70

57.90

66.33

81. 11

75.89

89.96

89.99

90.91

90.0s

96.20

94.44

94.27

94.s4



FIGS,2.2 and2.3. Initial germination stages of C. candidum. FIG. 2.2. Stage
i protocorm. Bar equals 0.2 mm. FIG, 2.3. Stage 2 protocorm. Bar equals
1.0 mln,
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Following the initiai stages of germination, several protocorm rnorphological types

were recognized on the plates prior to the formation of roots: (i) iarge and amorphous

protocorm bodies 2 to 3 times the size of those in stage 2. There were two subtypes,

amorphous protocorm bodies having an uneven surface (ApB; Fig.2.4) and amorphous

protocorm bodies with obvious protrusions or bumps on the surface (ApB-p; Fig. 2.5),

(ii) elongated single protocorms with distinctively hooked meristems and root hairs

usually present on the middfe and bottom portion (SpB; Fig. 2.6), and (iii) two types of

multiple protocorm bodies (MPB), MPB-I appeared like a collection of elongated

protocorms (similar to SPB) originating from one protocorm (Fig. 2.7). MpB-2 were

particularly large but individual protocorms were not distinct as in MpB-l (Fig. 2.g).

Protocorms that turned brown were designated as Br.

As roots began to develop, two stages were recognized: those with roots just

beginning to form (RPB; Fig. 2.9) and those with one or several long roots, now

considered as seedlings (Sdl; Figs. 2.10 and 2.1,1). Distinctions between the

morphological types were no longer made once ¡oots were formed.

There were differences in protocorm morphology associated with the type and

concentration of cytokinin. Regardless of morphological type, protocorms on control

plates and on kinetin were consistently srnaller than on the other cytokinins. without

cytokinins, the rnost common protoco¡m morphological types were ApBs, SpBs and

MPB-1s if RPBs and sdl are not considered (Fig. 2,r2a-c). with the addition of ldnetin,

especially at lower concentrations, protocorm morphology closely resembled that

observed without cytokinins (Fig. 2.12a), With the addition of BA (Fig. 2.12b) or



FIGS. 2.4 to 2.9. Protocorrn morphological types of C, candidum. FIG.2.4.
Amorphous protocorm body (ApB). FIG. 2.5. Amorphous protocorm body with
protrusions (APB-P). FIG. 2.6. si'gre protocorm body (spB). Ar¡ow indicates
shoot medstem. F[c.2.7. Multiple prorocorm body, type I (MpB_l). FIG.
2.8. Multiple protocotm body, type 2 (MrpB-z). FIG.2.g. Rooting protocorm
body (RPB) ' A¡row indicates root initiar. Bar equars 1.0 mrn, See results
section for description of each type.





FIGS, 2.10 and,2.11. Seedlings (Sdl) of C, candidum showing roots (arrows).
Bar equals 2 mm.
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2iP (Fig. 2.12c) to the germination mediun, protocorm rnorphology deviated from that

observed with the control or kinetin. sPBs were rarely seen, especially at higher

concentrations. MPB-1s did not occur. Instead, the rnorphological types ApB-ps,

especially in the case of 2iP, and MPB-2s were most common.

Rooting occurred on single and multiple protocorms and, particularly in the case

of 2iP, on APB-Ps. The root formation response was related to hormone type and

concentration (Fig.2.12a-c). on low concentrations of BA, there was a higher

percentage of Sdis compared to the control. Increasing concentrations resulted in fewer

Sdls. In cont¡ast, on kinetin and 2iP, the percentage of sdls generally increased with

concentration and, in the case of kinetin, there is a corresponding decrease in spBs,

suggesting that the SPBS have formed roots.

The frequencies of each morphological type varied with time in culture in relation

to cytokinin type. After 12 weeks in culture, protocorm development was slower in the

control than with all cytokirúns tested (Fig. 2. 13a). without cytolcinin, over 50 % of the

protocorms had not developed beyond Stage 2. None had reached the rooting stages.

with the addition of cytokinins, a larger proportion of protocorms developed beyond

stage 2 and this effect was especially evident on 2ip and BA compared to kinetin.

Nevertheless, on each cytokinin approximately equal percentages of protocorms were at

the seedling stage.

After twenty weeks in culture some germinatio' was stili occurring i' all

treatments (stage i, Fig. 2.13b). The proportion of protocorms that had formed roots

was greâter than at 12 weeks. This was particularly evident for protocorms in the

presence of cytokirrins.
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FrG' 2.12a. Frequency of each protocorm morphological type of c. candidum onl<rnerin
calculated as a percentage of the total nu¡nber of protocorms after 20 weeks in culture
at six concentrations, including a control. Row x column contingency test of
independence using x2 statistics (df:15) for sdl protocorms: cytokinin concentration x
cytokinin type, x2 = 1495; p<0.000i.
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FIG.2.12c. Frequency of each protocoln morphological type of C. candidum on 2ip
calculated as a percentåge of the total number of protocorms afte¡ 20 weeks in culture
at six concentrations, including a control. Row x column contingency test of
independence using X2 statistics (df= 15) for Sdl protocorms: cytokinin concentration x
cytokinìn type, x2 = 1495; p<0.0001.
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FIG. 2.13a. Frequency of each protocorm morphological type of C. candidun after
twelve weeks in cuiture calculated as a percentage of the total number of protocorms on
each cytokinin type, Values are means and standard error pooled across concentration

fo¡ each cytokinin. Row x column contingency tests of independence using f statistics
(df:7): time in culture x morphologica.l st¿ge for kinetin, ¡2 : 266, p=0.000i; BA,

xz : 300, p<0.0001; ZiP, y2 = 338, p<0,0001; control, f = 109, p<0.0001.



73

U)

É.o
OoFo
cÊ
o-
TL
o
ul
(.t

¡-z
uJ
O
É.
uJ
fL

APB APB-P SPB MPB.I MPB-2 RPB

MORPHOLOGICAL TYPE

FIG. 2.i3b. Frequency of each protocorm morphological type of C, candidun after
twenty weeks in culture calculated as a percentage of the total number of protocorms on
each cytokinin type. values are means and standa¡d error pooled across concentration
fo¡ eacli cytokinin. Row x column contingency tests of independence using f statistics
(df=7): time in culture x morphological stage for kinetin, X2 : 266, p=0.0001; BA,
x2 = 300, p<0.0001; ziP, f :338, p<0.0001; control, t : l}g, p<0.0001.
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Browning and subsequent death of protocorms was common and occuüed most

frequently at the initial stâges of germination when the protocorm was at Stage i.

However, browning was not restricted to Stâge 1 (data not shown) and there was no

particular trend in relation to the type of cytokinin and concentration used (Br, Fig.

2.12a-c).

Discussion

In general, orchid seeds respond to cytokinins either by an incre¿se or a decrease

in germination or there is no effect (Arditti and Ernst 1984). The particular response

depends on the species. Qpripedium species appear to require a cytokinin for

germination and this has been demonstrated fot C. reginae (Hawais 1982) and C.

calceolus (Van Waes and Debergh 1986b). In the time frame studied, some germination

of C. candidum occurred without the addition of cytokinins to the medium but in the

presence of two of the three cytokinins tested, germination clearly improved. Addition

of BA and 2iP enhanced germination whereas kinetin had little effect. Fo¡ BA and 2ip,

germination generally increased with increasing concentratiolls to an apparent maxinum

at0.8 mg Lr. Higher concentrations did not inc¡ease germination dramatically. Harvais

(1982) found a similar response in C, reginae. l,ow concentrations of 2iP and BA were

more effective than kinetin at high concentrations in stimulating germination. Such

researcll helps to explain some of the inconsistencies regarding the germination response

of orchid seeds to cytokinins. For example, C. candidum obviously has a cytokinin
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preference and if kinetin had been tested in isolation, a different conclusion would have

been reached regarding the effectiveness of cytokinins in enhancing germination.

Similarly, Blonstein et al. (1991) observed that the inhibition of seed germination of

Nicotiana pfumbaginifolia also showed differential response to cytokinins.

In C. candidunt, some germination occur¡ed without the addition of cytokinins to

the media. Perhaps endogenous cytokinins are present but at inadequate levels in those

seeds that did not germinate. Orchid species that do not require an exogenous cytokinin

source for gerrnination are cytokiún autonomous because tliey have high endogenous

levels, an example being Epidendrum fulgens (Mercier and Kerbauy 1991).

The exact function of cytokinins in germination is uni<nown but there is evidence

that in seeds with high levels of storage lipids, such as pecan nuts, cytokinins may play

an importânt role in lipid mobilization (Dimalla and Van Staden 1977). Orchid seeds

have no endosperm and no cotyledons and lipid droplets in the embryo are the primary

storage material (Arditti 1979; Arditti and Ernst 1984). The requirement for cytokinins

in the germination medium may thus be related to lipid utilization. It has been shown

that if storage lipids cannot be utilized, germination will not continue (Manning and Van

Staden 1987).

Lower germination of C, candidum was recorded in the present study than was

aclìieved in previous studies (De Pauw and Remphrey i993) for seed coltected eight

weeks after pollination. One explanation may be that the optimum time for collecting

seeds was surpassed. Seed deveiopment can be affected by environmental conditions and

so the optirnum time to collect pods for maximum germination may vary from year to
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year (Light 1989). Another explanation may be high variabiiity in germination potential

from pod to pod (Harvais 1980; De Pauw and Rernphrey 1993). Another facto¡ involved

in the lower germination response rnay be the decline of reproductive ability. The cost

of seed productiol'r to the plant can be high, resulting in decline of plant vigor,

particularly afte¡ four consecutive years (Prirnack and Hall 1990). Since all flowers were

manually pollinated to ensure seed set and the same site was used as a seed source for

four consecutive years, plant vigor may be decreasing and consequently seed viability

may also be reduced.

Based on the protocorm morphologies observed, a general hypothesis regarding

their developmental sequence in response to the ho¡mone treâtments is proposed (Fig.

2.14). As mentioned, Stages i a:nd 2 a¡e sequential and occur in all treatments. After

Stâge 2, development diverges leading to the forrnation of either multiple or single

protocorm bodies. SPBs form when Stage 2 protocorms elongate, and then eventually

form roots (RPB and Sdt). This pathway occurs prirnarily on the control and kinetin

plates. In the formation of rnultiple protocorrns, a different pathway occurs in that Stage

2 protocorms develop to APBs and then to APB-Ps. The latter then form either MpB-ls

or MPB-2s. The cytokinin type seems to affect the kind of multiple protocorm produced.

On the control and kinetin, MPB-1s are the most common type whereas BA and 2ip

usually lead to the formatiolì of MPB-2s. An alternate pathway on the control and

kinetin plates is that SPBs proliferate to form MPB-1s. Both rnultiple protocorm types

advance to the rootiug stâges. In some cases, particularly on 2iP, APB-Ps advance

directly to the rooting stages.
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The observation that MPB-1s form on control plates suggests that the formation

of rnultiple p¡otocorms is not primarily a response to exogenous cytokinins.

Nevertheless, if the proposed model is considered, the addition of cytokinins, particularly

BA and 2iP resulted in a higher proportion of muitiple protocorms, seemingly at the

expense of single protocorm fo¡mation. Development on kinetin followed sinilar

pathways as the control except that at higher concentrations, there was an incre¿sed

proportion of protocorms that formed roots. The decrease in the proportion of spB with

increasing ldnetin coucentration is related to the fact that the protoco¡ms have advanced

to the rooting stages. Protocorm development was particularly sensitive to both BA and

2iP, even at low concentrations. The production of MpB-l did not occu¡ and multiple

protocorms with a different morphology were produced (MpB-2, Fig.2.14). Moreover,

the highest concentrations of BA delayed root growth, as seen by the high proportion of

protocorms just beginning to form roots (RpBs) and fewe¡ sdls (Fig. 2.12b), but the

reverse was true at lower concentrations. An inhibitory effect of BA on root elongation

lias been uoted in other o¡chid species (Colii and Kerbauy 1993).

The differential growth response of protocorms to each cytokinin is a common

phenomenon that has been observed in most plant tissues (Bosse and vañ staden 19g9;

van der Krieken et al. 1990). Harvais (1982) also found differences in protocorm

growth of c. reginae in response to cytokinins, and kinetin and BA in that order, were

the most suitable compared with 2ip. The reasons for differential growth responses to

cytokinins is not cornpletely understood but rnay be due to differences in cytokirún

metabolism (Horgan 1984; Mok er al. 1985). van der Krieken et al, (1990) found thar
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the differential response of tobacco explants to cytokinins was not due to differences in

uptal<e from the mediurn. Insteåd, they suggest that cytokinins bind to one receptor

which has a differential sensitivity to the hormones.

Browning or necrosis and subse4uent death of the protocorm is a common

plrelromenon in terrestrial orchids (stoutamke 1,974; Hawais 19g2). stoutamire (1974)

suggested that death of protocorms may be due to inappropriate culture conditions, sucl.r

as improperly balanced nutrients or the lack of required growth-stimulating substances.

The present study suggests that cytokinins neither prevent nor increase death of

protocorms. Death of protocorms may simply be a characteristic of the seed population.

It is possible that inviable embryos can imbibe enough water to expand and break through

the testa but not develop further. However, approximatery 25 % of protocorms were lost

as the result of browning, thereby reducing the final germination, and fu¡ther work is

required to teduce this loss.

Research ott itt vitro germination of native o¡chid seeds is often a long, slow

process due to the considerable periods of time required for germination to occur. From

this and a previous study (De Pauw and Rernphrey 1993), it is apparent that a high

percentage of seeds germinate within three months of cultu¡e. After this point, the

increase in germination is very small. Also, differences in germination between

treåtments are evident after just one month. Therefore, it is reasonable to conclude that

treatmerlt differences can be accurately assessed at this time, although the extent of the

differences will not be apparent until 3 mouths of culture. It is hoped that the results of

this investigation rnay facilitate future research into the specific germination requirements

of Qpripediwn spenies.
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In conclusio'r, Qpripedium candidum has a definite cytokinin preference for

germination and protocorm development. Kinetin is less effective for germination but

results in more normal protocorm development and is required at relatively high

concentrations. on the other hand, 2iP and BA enhance germination significantly at

concentrations less than 1.0 rng Lr. small amounts cause marked changes in protocorm

developnent and increase the production of rnultiple protocorms (MpB-2). Benzyl

adenine at low levels (0.1 mg Lt) is more effective than 2ip for protocorm growth and

may be useful for the development of a rnethod of meristeln culture for vegetâtive

propagation similar to tropical species (Morel 1974). The proposed model for protocorm

development is based on morphologies observed at two discrete time periods. Further

wo¡k is required to verify the model by following the development of individual

protocorms throughout the entire time in culture.
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GENERAL DISCUSSION AND CONCLUSIONS

It is generally accepted tllat in vito seed germination of etpripedium species is

more difficult than for other terrestrial orchids (Linden 1992). Germination has been

demonstrated many times but the results have been confusing and contradictory.

Germination as low o¡ iower than 1% has been reported, with slow or arrested

protocorm development (Arditti et al. i984; Henrich et al. 1981). The ¡esearch

presented in this thesis shows that in vitro germination of three epripedium species is

not only possible but has the potential to be a viable rnethod of propagation. of the three

species tested, c. reginae appeared to be the most amenable to culture, with high

germination and vigorous protocorm growth. C, calceolus var. pamiflorum and C.

candidum also responded favourably, with slightly lower but adequate germination and

good protocorm growth. This has special significance in the case of c. candidum

because of its endangered status in canada, including the province of Manitoba.

Resea¡ch on c. candidum has been very limited and again, germination has been reported

to be very poor and slow, taking up to six months to occur, and with protocorms often

dying (stoutamire 1990; Anderson 1990). using the methods described in this thesis,

germination and protocorm growth of c, candidum was significantly irnproved.

However, approximately 25% of the protocorms did turn b¡own and die. This would

suggest that, although germination conditions have been irnproved, the optimurn

requirements have not yet been met. Further work is needed to reduce these losses.
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Germination of rnature seed is often poor and the use of irnmature se€d from green

pods has been shown to improve germination. My data supports these observations and

demonstrates that germination of immature seed is superior to that of matu¡e seed. More

importantly, an optimum time exists at which seeds should be collected to maximize

germination. For all three species, germination peaked for seed collected eight weeks

after pollination. As well, in the case of c. candidunt seed collected eight weeks after

pollination had higher germination than the other times of collection. However, there

is some variability in the optimum tirne of collection, as in the case of c. candidum in

1989 where gerrnination peaked for seed collected 6 weeks after pollination instead of

eight weeks, suggesting the possible importance of the developmental stage of the

embryo. In all three species, germination decreased sharply after the optimum time of

collection, as the seed approached rnaturity.

European-based studies on terrestrial orchid species often focus on enhancing

germination of mature seed using various pretreâtments. These studies are critical

because most European te¡restrial orchids are rare and seed is difficult to obtain. Thus,

mature seed, which can be stored for several years, must be relied upon. In canada, the

use of mature seed is also important in those cases where species are rare or where plants

are less accessible, rnaking pollinating and colle¿ting pods more difficult. However, in

all other cases, the use of immature seed is the preferred method, for several reasons.

First, for many orclrid species, including cerratn epripediaræ species, accessibility is not

a problem. second, immature seed germinates successfully, without the requirement for

a pretreatment. Moreover, pretreatments for mature seed would have to be optimized
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for each individual species. Third, even if the p¡etreatment is optimized, mature seed

may never reach the germination potential of immature seed be¿ause nature seed may

be less viable. Finally, from a technical aspect, it is much easier to sterilize the whole

green pod than to manipulate individual mature seeds through a number of pretreatments.

The seed is extrernely small in size and very hydrophobic which rnakes it difficult to

handle. It is therefore concluded that the use of immature seed is the prefered and most

practical choice and could be successfully and easily applied to propagation of

Qtpripredium species, either for commercial production or reestablishment in the wild,

Previous studies using Norstog medium for germination of cJtpripedium species

gave poor results (Henrich et al. 1981; Arditti et al. 1984). The modifications made to

Norstog mediurn in the present study improved germination and were more favorable for

germination and protocorm growth of all three species. Although modified Norstog was

not the best medium for all species and at all times of collection, germination was as

good as Van Waes and Debergh medium and, except in the case of C. reginae, was

superior to Hawais rnedium. In the case or c. candidum, tlìe rate of germination was

greater with modified Norstog than the other two rnedia tested. As well, protocorm

development of all 3 species was better on modified Norstog compared to the other

media tested. Protocorms had several long roots by the end of the experiments, which

was not the case with the other two media.

studies on the effect of hormones on germination of erp ripedium species is limited

and somewhat rnisleading. Some literature suggests that both auxins and cytolcinins are

required for germination of Qpripedium species (Anderson 1990) but from the controlled
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studies available, it appears that cytokinins alone are the c¡itical ho¡mones (Harvais l9g2;

van waes and Debergh 1986b). The results of the present study show that cytokinins

are an important requirement for germination of c. candidum. However, a cytokinin

preference was demonstrated for germination and protocorm growth. Benzyl adenine and

2iP irrcreased germination significantly cornpared to a control without cytokinins. O¡ the

other hand, kinetin had uo effect. This differential response to cytokinins may explaiu

the inconsistent results of other studies with respect to the importance of cytokinins in

affecting gerrnination. Protocorm growth following gennination also showed a

differential response to cytokinins, Growth of protocorms on kinetin closely resembled

that seen on the control and seems to represent a more "normal', type of development.

with BA and 2iP the morphological types observed were different and sometimes

anomalous. P¡otocorms developed faste¡ on all three cytokinins compared to the control.

The research presented in this thesis has provided answers to many basic questions

regarding the germination of tfuee Çtpripedium speries, including the best time to collect

seed to rnaxirnize gerrnination and an appropriate nediurn for germination and protocorm

growth. This provides a basis for further studies that could quickly provide info¡mation

on the germinatiou requirements of Qtpripedium or other terrestrial orchid species. For

example, rnodified Norstog medium is completely defined which makes it particularly

suited to investigate other factors that affect germination, such as the optimurn nitrogen

source (including orgauic versus inorganic nitrogen sources) and the effects of different

concentrations of macroelements. These are factors that have beerr shown to affect

germination and growth in other terrestrial species.
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The use of filter paper for the present germination studies proved to be a

successful technique. A filter paper was placed on the rnedium and seeds were sprinkled

on top. Due to the minute size ofthe seed, it is impossible to transfer them individually.

In most studies, the seeds are kept on the same medium fo¡ 6 months or more. During

this time, desiccation of the medium occurs and phenolic compounds accumulate. By

transfering the whole filter paper, seeds are easily moved to fresh rnedium to avoid these

probiems, without interfering with water or nutrient uptake. This technique is very

useful and could facilitate future studies. For example, as the study on the effect of

cytokinins on c. candidum suggests, the re4uirement for cytokinins changes from

gerrnination to the protocorrn stages. In the case of BA, high levels (0.g mg Ll) are

necessary for maxirnum germination, but lower levels (0. I mg Lr) are required for

protocorm growth and root formation. similarly, kinetin seems inappropriate for

germination but suitable for no¡mal protocorm growth. Therefore, a medium containing

BA could be used for germination and then cultures could be transferred to a medium

with kinetin or with diminishing concentrations of BA for further protocorm

development. Filter paper would facilitate transferring of cultures as the needs of the

developing protocorms change.

More research is required td verify the proposed hypothesis of the effect of

cytoldnins on protocorm developrnent. By following individuai protocorms throughout

the culture period one would be provided with more information on the differential affect

that cytokinins have on protocorm growth. This information could be used to rnanipulate

protocorms in order to optirnize growth or to develop a vegetative propagation method.
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For example, BA causes proliferation of the protocorm and this characteristic could be

used to develop a vegetative propagation method. Kinetin, on the other hand seems

appropriate fo¡ direct production of plantlets. The developrnent of a vegetative

propagation method for a threatened species using tissue culture is difficuit. Meristems

are often the tissue sou¡ce of choice but this requires deshuction of the plant. Irr

contrast, seed propagation is a non destructive method and seeds are produced in great

abundance. Germinated protocorms could be a useful tissue source for developing

vegetative methods. In this way, plants from the wild would not have to be destroyed

fo¡ resea¡ch material.

In te¡ms of protocorm growth, a standardized system for describing development

is required. The observations of the present study provide the beginnings of such a

system. This type of system has been used by Hailes and Seaton (19g9) and spoerl

(1948) to compare growth of cattleya on different media. In this technique, sequential

stâges of protocorm growth are recognized to provide a standard growth pattern. Then

the number of protocorms at each stage is multiplied by the stage Number. These values

a¡e summed to give a Protocorm Growth Index (pGI). without a standard method such

as the one described, it is very difficult to describe differences in development between

treåtments or to compare results from different studies. However, a standard growth

index would be required for individual species because, even within the qpripedium

genus, the patterns of protocorm growth are different.

If the methods described in this thesis are to be useful for propagation, further

work is required on tranplanting the in vitro germinated seedlings frorn the petri dish to
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soil' Literature is available on the cultivation of mature plants (Holman 1976; Muick

1978; olver 1981) and a few studies liave successively grown seedlings from tissue

culture in pots (Bailes et al. 1987; Anderson 1990; Frosch 1986). However, specific

iuformation is unavailable or unknown. For example, a cold treatment is required to get

leaf extension but the optirnum conditions are not larown. other questions a¡e: At what

stage should the seedlings be transfer¡ed frorn the petri dish ilito soil? wrat type of

potting medium is required? Is the pH of the potting medium important? In their natural

habitat c)tpripedirril species take 10 to i6 years from germination to first flower and the

first aerial leaf is not seen until the third year following germination. This time period

rnust be decreased if propagation methods are to become viable. Although transplanting

seedlings was not part of the present investigation, the seedlings obtained from the

germination studies were transplanted into soil, with some success. From this work, it

would appear that tissue culture has decreased the time to the first aerial leaf by

approximately two years. This stage was achieved in one year, instead of three.

Orchid species in general e among the most endangered plant species due to

habitat destruction, overcollection and illegal smuggling. commercial propagation via

tissue culture techniques can play an important role in saving these species by eliminating

over-coliection from the wild and thereby reducing the pressure on natural populations.

In canada, species such as c. reginae and c. calceolus may not be endangered at this

time but propagation would elirninate the common practice of removing them from the

wild. Propagation would also ailow reintroduction of endangered species, such as c.

candidum, to their native habitats. Reintroduction accompanied by careful management
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(sheviak 1990) could successfully repopulate a species. In this light, seed propagation

is the preferred method, as opposed to mass vegetative propagation, in orde¡ to maintain

genetic diversity. Reintroduction of orchid speciei is currently being investigated in a

few locations (Mitchell 1990; Rubluo et aI., pers. comrn.). Tlte clpripedium species are

beautiful native plants that deserve our attention in order to preserve them in their natural

habitats and to prevent the decline which has occurred in other parts of the world.
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APPENDIX A: Media Used for Germination Studies of Çtpripedium Species

Harvais Van Waes and
Debergh

Modified
Norstog

Macroelements (mg Lt)

NH4N03 1400

KHTPOo 200 299.20 455

MgSOo.TH'O 200 100.86 370

KN03 200

KCI 100 37s

Ca(NOr)r.4HrO 400

CaClr.2HrO 370

KI 0.10

ammonium citrate 19.0

Fe-EDTA 43.0

Fe-citrate 10

Microelements (mg Lt)
MnSOo.4HrO 2.03 25.00 3.00

H3BO3 0.s0 10.00 0.50

ZnSOo.TH"O 0.50 10.00 0.s0

NarMoOo.2HrO 0,02 0.25 0.025

CuSOo.5HrO 0.50 0.025 0.025

CoCl.6HrO 0.025

Vitamins (mg L'')

thiamine HCI 5.0 0.s0

I1lacln 10.0 s.00

calcium pantothenate 5.0

myo-inositol 990.0

pyridoxine HCI 0.s0
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folic acid 0.50

biotin 0.05

Complex Ädditives

potato ext¡act (%) 5.0

casein hydrolysate (rng L-t) 500.0

Amino Acids (me Lt)
L-glutamine r02.31 400

L-aladne 50

L-cysteine 20

L-arginine 10

L-leucine 10

L-phenylalanine 10

L-tyrosine 10

Hormones (mg L t)

kinetin 1.00

NAA 0. i0

BA 0.2 0.2

Carbohydrate (g Lt)

dextrose 0.02

sucrose 19.85 34,2

Miscelìaneous

malic acid 1.0

agar 6.0
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APPENDIX c: Two-way ANovA table of percent germination of c. candidum among
cytokinin type and cytoldnin concentration for successive weeks in culture (refer tã
Chapter 2).

Source of
variation

Degrees of
freedom

4 weeks in culture
Pod
Cytokinin type
Pod*Cytokinin type
Cytokinin concenhation
Type*Concentration

8 weeks in cuiture
Pod
Cytokinin type
Pod*Cytokinin type
Cytokinin concentration
Type*Concentration

12 weeks in culture
Pod
Cytokinin type
Pod*Cytokinin type
Cytokinin concentration
Type*Concentration

16 weeks in culture
Pod
Cytokinin type
Pod*Cytokinin type
Cytokinin concentration
Type*Concentration

20 weeks in culture
Pod
Cytokinin Type
Pod*Cytokinin Type
Cytokinin Concentration
Type+Concentration

9.36 < 0.0001
48.88 <0.0001
2.67 0.0036
7.52 <0.0001
0.s3 0.8325

5
)

15

4

8

I
2

15

4
I

5

)
15

4

8

9.54
70.75

3,27
1,4.01,

0.86

<0.0001
< 0.0001

0.000s
< 0.0001

0.5513

5

2
15

4
I

5
2
i5
4
8

12.20 < 0.0001
41.14 <0.0001
2.24 0.014i
10,16 <0.0001
i.06 0.4047

t2.68 < 0.0001
49.30 <0.0001
2,01 0.0296
10.44 < 0.000i
1.22 0.3037

i1.90 <0.0001
52,0t < 0.0001
2.t7 0.0179
7 .79 < 0.0001
0.68 0.7076
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APPENDIX D - Prelirninary tests using the ¡nodified tetrazoliurn chioride method to

assess seed viability in three etpripedintn spenies.

Introduction

Many of the starldard seed viability tests are unsuccessful with native terrestrial

orchids (Harvais 1982). However, van lvaes and Debergh (19g6a;19g6b) developed

modifications to the tetrazoliurn chloride (TTC) rnethod to test the viability of mature

seed of 3l weste¡n European terrestrial orchids, includi ng orrc etpripedium specres.

The rnodifications involved pretreating the seeds in calciurn hypochlorite (a standard

soiution used fo¡ sterilization of tissue prior to culture) before applying the standard rrc
test. The required length of the pretreatment was dependent on the species and appears

to be directly related to the impeflneability of the seed coat (see Literature Review).

However, this test has not been applied to seed at different stages of maturity.

Therefore, in 1989, prelinrinary tests were performed to assess suitability of the modified

tetrazolium chloride lnethod for measuring the viability of seed at different stages of

maturity in C. canilidum, C. calceolus var. parviflorun and C. reginae.

Materials and Methods

Pods of c. candidtnr, c. calceolus var. pamiflorwn and c, reginae were coflected

at 6, 8, 10 and 12 weeks after pollination (wAp). Four pods were collected at each time

of collection (refer to Materials and Methods, chap. l). Serd frorn individual pods that

was not used fôr germination experiments was retained for the TTC tests.
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A 7% teÍazolium chloride solution was prepared i'the following man'er: 10 g

of 2, 3, S-triphenyltetrazolium chloride was dissolved in I t of distilled water. The pH

was adjusted to 7 with i0 N NaoH. The solution was sto¡ed in darkness at rooln

temperature.

The rnodified rrc test involved pretreatment of seeds in 5 % sodiurn hypochlorite

(Na(col)r) * Tween-20 solution, rinse in sterile distilled water, prior to application of

the standard TTC test. For the standard rrc test, seeds were placed in small bottles

witlr 10 r¡l of a 1% TTC solution. The bottles were sealed and placed in darkness at

30"c fo¡ 24 hours. After 24 hours, the solution was removed and seeds were washed

3 times in sterile distilled water. viable embryos turn pinft and nonviable embryos

remain white.

Both the rnodified and the standard rrc tests were applied to ,',ost seed. In the

modified rrc test, the optimal pretreatment times for seed at different stages of matudty

were unknown, therefore they were estimated based on the color of the seed coat. After

application of the TTC test, seeds were observed uuder a dissecting microscope aud

embryos were classified as pin.k, sligtrtly pink, white or shriveled and empty. only those

embryos that were cornpletely pink or red we¡e conside¡ed as potentially viable (van

Waes and Debergh 1986a).

Results

In all 3 species, seed coliected at 6 wAp was white a'd, in the case of c.

calceolus var. pamiflorunt ajnd c. candidun, the seed was very moist. wreu the seeds
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were removed f¡om the pod, pieces of the placenta came with the seeds. After the

standard TTC treatment, embryos of c. calceohts var. parviflorunt and c. candidunt

showed no staining. However, the placenta attached to the seeds turned pink. For C.

calceolus var. parviflorunr a pretreatmerlt was performed for seed collected 6 wAp, but

no stairring occurred on the embryos or tlle placerlta, suggesting that the Ca(OCl),

haflned the tissue. For tlris reason, pretreatment was not performed on the otlier 2

species for seed collected 6 and 8 WAP, For C. reginae, embryos fron seed collected

6 wAP did reâct to the stain without a pretreatment (Table D-1). In tlìree of the four

pods, the percent pink embryos was higher than the perceut germination.

As the seed rnatured, the seed coat turned brown and the seeds were loose. At

8 WAP, there was a mixture of b¡own and white seeds in the sarne pod. For all 3

species, seed collected 8 wAP showed good reaction to the stain, without a pretreatment

(Table D-l, D-2, D-3), However, in C. calceolus var, pamiflorunt and C. candidum tl.¡e

perceut germination was lower than the percent pink ernbryos in most cases. In C.

reginae, the percent germination was higher than the percent pink embryos.

By 10 and 12 WAP, seed was brown, dry and hydrophobic in all species. Without

the pretreatment, seed collected at 12 wAP floated on top of the tetrazolium, resulting

in poor staining reaction. After the pretreatment, seed was less hydrophobic and the

percent pink embryos increased compared with no pretreåtment. However, the reaction

to the pretreatment varied between species aud between individual pods and, irr some

cases, the increase in percent pink ernbryos with pretreatment was very small or there

\{as eveu a slight decrease. There appeared to be no particular correlation between the

percent piDJr embryos, with or without pretreatment, and the percent germination.
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Table D-l. Percent germination arid percent pirrk ernbryos after modified rrc test for
individual pods of Qpripediunt reginae.

Pod
Weeks After
Pollination

Percent % pint Ernbryos
Germinationr NoPretreatment WithÞretre¿tment2

cR-1
CR-2
cR-3
cR-4
CR-5
CR-6
cR-7
cR-8
cR-9
CR-IO
CR-l1
cR-i2
CR-13
cR-i4
CR-15
cR-16

45.06
48.42
46.03
67.82
92.57
58.33
23.02
84.00
78.50
68,7s
3.99
3.9s
0.34
0.00

12.25
9.30

78.08
79.07
65.00
54.42
38.78
19.83
15.45
49.08

9.02
23.35
0.50
0.50
0.00
0.00
0.97
0.00

N/A3
N/A
N/A
N/A
N/A
N/A
N/A
N/A
21.74
50.00
3.8i
4.66
3.13
1.00
0.85
2.54

6

6
6

6
I
I
8

8

10

10

10

i0
12

T2

12

12

rPercent germination after 20 weeks in culture on the best rnedium.

210 rnin pretreahnent in 5% sodiurn hypochlorite * Tween-20, 30 rniu rinse in distilled
water.

3Not applicable, A pretreatment was not perforned on seed collected at 6 and g wAp
(see Results section).
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Jabie D-2. The percent germination and percent pink embryos after modified rrc test
for individual pods of Clpripeditntt candidunt.

Pod
Weeks After
Pollination

Percent percent pink Ernbryos
Germinationr Nopretreatlnent Withpretreatment2

Ca-4
Ca-5
Ca-6
Ca-7
Ca-10
Ca-11
Ca-12
Ca-13
Ca-14
Ca-15

28.34
14.4t
22.43
26.74

6.56
9.09

22.06
19.02
29.66
2r.76

53.05
63.64
46.15
44.98
19. 11

11.56
0.00
0.00
0.00
3.68

N/A3
N/A
N/A
N/A
15.03
i0.88
0.87
0.47

2r.3s
t3.82

8

8

8

8

10

10

t2
12

12

12

rPercent germination after 20 weeks in culture on the best medium.

'zFor¡eed c9t]ectø 
-t-0 

waP, pretreatment was l0-15 minutes in 5% sodiurn hypochlorite* Tween-20. A 30 rninute pretreâtment was performed on seed collected iä wap.
3Not 

_applicable. A pretreatme't was not perfo'ned o' seed co ected g wAp (see
Results section).
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Table D-3. Percent germination and percent pink embryos after rnodified rrc test for
individual pods of Qpripedium calceolus var. parviflor-unt.

Pod
Weeks After
Pollination

Percent percent piuk Embryos
Germinatior.rr No Pretreåtmeut With p¡etreatrnent2

Cs-11
Cs-12
Cs-23
Cs-25
Cs-28
Cs-29
Cs-30
Cs-31
Cs-37
Cs-41
Cs-42
Cs-48

52.78
53.85
35.15
30.03
2.99

i4.58
10.10
L47

lt.25
2.98
3.80
9.06

58.00
4.76

6t,82
80.28
60.26
13.07
tl.63
27.59

1.25
t.25
0.00
0.00

0.00
0.00
0.00
0.00

29.44
3s.66
30.41
41.78
1.93
3.04
0.00
0.00

8

I
8

8

i0
10

10

10

t2
12

t2
t2

rPercent germinatiou after 20 weeks in culture on the best nedium.

215 min pretreåtrnent in 5% sodiurn hypochlorite * Tween-20 for seed collected g and
10 WAP, 30 rnin pretreatment for seed collected 12 WAp.
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Discussion

van waes and Debergh (19g6a, 19g6b) srrowed that pretreatment in carcium

hypochlorite was necessary to get optimal uptake of tetrazolium in mature seeds. For

c. calceohts the optimal pretreatment was 4 hours. The hypochlorite solution acted as

an oxidant to relnove suberin in the integurnents and thus increased penneability to the

stain. The darker integulnents contained more suberin, and therefore, longer

pretreatment times were required. In my preliminary studies, seed coflected at 10 and

12 wAP was brown in color a'd, especially at 12 wAp, was very hydrophobic and

irnpermeable, resulting in a poor straining reaction. pretreatment increased uptake of the

stain, resulting in more pir < embryos. However, the pretreatrnelìt may not have been

optimal because there is a poor correlation betweeu tlìe percent pink embryos and the

percent gennirntiou.

In contrast, seed collected at 6 wAp was still white, suggestirrg that the

deposition of suberins in the seed coat had not yet occurred. Therefore, a pretreâtment

was not ne¿essary. For seed colle-cted 8 wAp, uptake of the tetrazolium solution did not

appear to be significantly irnpaired so a pretreatment was not necessary. In some cases,

the perceut pink ernbryos was higher than the percent germiuation. This could suggest

that the gennination conditions were inadequate and that the gennination potential was

not reaclred. However, iu the case of c. reginae, the percent pink ernbryos was ress than

the percent germination, suggesting that uptake of the staiu was impaired, It should be

pointed out that, in general, viability tests are no¡. 100% accurate, and should be viewed

with some caution (Mayer and poljakoff-Mayber l9g9).
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Another factor to consider is the use of sodium hypochlorite in tlte present study

instead of calciurn hypochlorite, as was used by Van Waes and Debergh (1986a). Van

Waes and Debergh (i986b) recommended a pretreatment tirne for C. calceolus of 4

hours, when using calciurn trypochlorite. Sodium hypochlorite is a nuch stronger

sterilant and therefore, tlte required pretreåtment tirnes would be much slìorter. It was

necessary to estimate the appropriate tirne for pretreatment so they may not have been

optimai, resulting in poor corelation between the percent pink ernbryos and the percent

gelnination.

In couclusion, there appears to be poor correlation between the percent pink

embryos and the percent germination, with or without a pretreåtment, for ajl three

species at all times of seed collection. The seed coat characteristics changed at each tirne

of collection. Also, there was variability among species in the seed coat characteristics

for seed collected at the same tirne. Therefore the pretreatmeut tirnes may not have been

optimal and fu¡ther work would be required to optirnize the pretreatment for each species

aud for each tirne of seed collection.

The research presented in this thesis suggests that 8 WAp is the best tirne to

collect seed in order to optirnize germinatiou. Therefore, further work should

concentrate on optimizing viability tests for that tirne of seed collection. From these

preliminary tests, it appeffs that seed collected at 8 WAP may not require a pretreatnent

or a very short pretreatment.

Viability tests are an important tool when studying germination. If conditions

could be optirnized for testing the seed viability of Q,pripedium species, it would help

to increase our knôwledge on the germinatiou, or lack of gennination of these species.


